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Foreword

JPL Bibliography 39-10 is a compilation of official reports of the Jet Propulsion
Laboratory released July 1, 1968 through June 30, 1969. Current security classi-
fications of all documents are indicated; however, their titles and abstracts given
herein are unclassified. JPL reporting in the open literature is also included.

Jet Propulsion Laboratory reports may be requested by either report or entry
number. When ordering classified documents, the government contract under
which they will be used should be indicated, and requests forwarded to JPL via
the cognizant contracting officer for certification of security clearance and
need-to-know. Copies of unclassified reports are available upon direct request to
the Laboratory.
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Technical Reports and Memorandums

Technical Reports are designed to report on a single significant development,
on the completion of a recognizable phase, or on the completion of an entire
project, or may record data or a development growing out of an assigned project

but not directly related to it.

Technical Memorandums report the results of a special study of a problem,
provide preliminary information on a project, or present any other material which

is intended for a limited audience.

Abbott, P. W.

AO01 MEASUREMENT OF STRUCTURAL TRANSFER FUNCTIONS
SIGNIFICANT TO FLIGHT STABILITY OF
THE SURVEYOR SPACECRAFT
Gayman, W. H., Trubert, M. R. (Jet Propulsion Laboratory)
Abbott, P. W. (General Dynamics Corporation)
Technical Memorandum 33-389, May 1, 1969
(Unclassified)

For abstract, see Gayman, W. H,

Adkins, J. M.

A02 BASAL-PLANE METALLOGRAPHY OF DEFORMED
PYROLYTIC CARBON
Fischbach, D. B., Adkins, J. M.
Technical Report 32-1389, June 1, 1969
(Unclassified)

For abstract, see Fischbach, D. B.

Alexander, W.

A03 THE YO-FT SPACE SIMULATOR AT THE
JET PROPULSION LABORATORY
Alexander, W., Dyckman, L., Harrell, J., Nelson, W.,
Schaefle, W.
Technical Report 32-1231, Revision 1, January 15, 1969
(Unclassified)

This report describes the JPL 10-ft space simulator facility
that is used for JPL, NASA, and NASA-authorized testing
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purposes. The report also provides sufficient technical infor-
mation for proper planning of simulator tests.

Argoud, M. J.

AO04 SAFETY EQUIPMENT FOR HANDLING THE
20-kW AND 5-kW ARC LAMPS
Argoud, M. J.
Technical Memorandum 33-429, April 15, 1969
(Unclassified)

The 20-kW compact xenon arc lamp used as the energy
source for the simulated solar system in the 25-ft space sim-
ulator has an internal pressure of approximately 4.2 atm
(47 psig) at room temperature. At operating temperature, its
pressure increases to approximately 10 atm (132 psig). For
this reason, safety equipment must be supplied for the men
who work around these lamps. Several tests were conducted
on various pieces of protective clothing which were exposed
to the breaking of quartz envelopes identical to those used in
the manufacture of compact xenon arc lamps. Two pyrex
tubes and quartz envelopes similar to those in the lamps were
broken at 45 psig. Various articles of protective clothing and
different types of materials were exposed to the exploding
lamp and then inspected for marks and cuts. After much
modification, the test was repeated with much improved re-
sults. A verification test of face shield and leather gloves was
performed to prove safety with a more direct explosion im-
pact, Other tests were also run to -evaluate different methods
of personnel protection and to establish safety requirements
for the 5-kW arc lamp.



AviZienis, A.

AO5 AN EXPERIMENTAL SELF-REPAIRING COMPUTER
AviZienis, A.
Technical Report 32-1356 (Unclassified)
(Reprinted from the Preprint Booklet E (Hardware 2)
of the 1968 Congress of the International Federation for
Information Processing, Edinburgh, Scotland, pp. E29-E33,
August 1968)

This paper describes an experimental self-testing-and-
repairing (STAR) computer which has been designed to
serve in further research and in evaluation of self-repair
techniques. The description covers the organization, the
method of operation, the choice of fault-detection tech-
niques, and the recovery procedures of the STAR computer.

Back, L. H.

BO1 HEAT-TRANSFER MEASUREMENTS IN THE
SHOCK-INDUCED FLOW SEPARATION REGION IN A
SUPERSONIC NOZZLE
Back, L. H., Massier, P. F., Cuffel, R. F.

Technical Report 32-1278 (Unclassified)
(Reprinted from AIAA Journal, Vol. 6, No. 5, May 1968,
pp. 923-925)

The purpose of this report is to present heat-transfer meas-
urements in the separation region associated with oblique
shock compression up to the ambient exit pressure. Pressure
measurements are also presented.

The air flow through the nozzle was heated to a stagnation
temperature T, of 1500° R, the cooled wall temperature T,,
ranged from 550 to 700° R, and the ambient air temperature
T oy Was approximately 530° R.

BO2 EFFECTS OF SURFACE COOLING AND HEATING
ON STRUCTURE OF LOW-SPEED, LAMINAR
BOUNDARY-LAYER GAS FLOWS WITH
CONSTANT FREE-STREAM VELOCITY
Back, L. H.
Technical Report 32-1301 (Unclassified)
(Reprint of Paper 68-HT-23, presented at the AIChE-ASME
Heat Transfer Conference and Exhibit, Philadelphia,
Pennsylvania, August 11-14, 1968)

Motivated by wvery large gas-to-wall temperature ratios
found in devices such as arc heaters, analytical investigations
were made of the effects of heating and of severe surface
cooling on the structure of a laminar boundary layer. Quan-
tities calculated include velocity, mass flux, and enthalpy
distributions across the boundary layer; thicknesses associated
with velocity and enthalpy layer; thicknesses related to bound-
ary-layer displacement and momentum and energy defects;
and heat transfer and shear-stress distributions along the
surface. To obtain the quantities, laminary boundary-layer
equations were solved, on a digital computer, for a large

range of cooling conditions for low-speed, constant free-
stream ‘velocity flow of a perfect gas over a surface at a con-
stant temperature. The free-stream-to-wall enthalpy ratio
ranged from 1 to 100, with property variation exhibited by
actual gases taken into account, while the heating-effect
study covered wall-to-free-stream enthalpy ratios up to 10.
Therefore, the calculations apply to a broad range of cooling
and heating conditions, but not those conditions where dis-
sociation, ionization, and radiation effects become important.
The solution method and results are discussed, and existing
prediction methods are appraised.

B03 CONSERVATION EQUATIONS OF A VISCOUS,
HEAT-CONDUCTING FLUID IN CURVILINEAR
ORTHOGONAL COORDINATES
Back, L. H.

Technical Report 32-1332, September 15, 1968
(Unclassified)

A complete written set of the conservation equations of a
viscous, heat-conducting fluid is given in curvilinear orthogonal
coordinates. Scale factors for a number of coordinate systems
are tabulated for convenience in expressing the equations in
various coordinates,

B0O4 LAMINAR HEAT TRANSFER IN ELECTRICALLY
CONDUCTING FLUIDS FLOWING IN PARALLEL
PLATE CHANNELS
Back,L. H. .

Technical Report 32-1335 (Unclassified)
(Reprinted from International Journal of Heat and
Mass Transfer, Vol. 11, No. 11, pp. 1621—1631,
November 1968)

Presented in this report are predicted wall heat fluxes, bulk
fluid temperatures, and Nusselt numbers in the thermal en-
trance region for a steady, constant-property, uniform laminar
flow of an electrically conducting fluid in a constant cross-
section, parallel-plate channel with isothermal, electrically
nonconducting walls, Uniform magnetic and electric fields
are applied perpendicular to each other and to the flow.
The predictions of temperature distribution (taking into
account longitudinal heat conduction) depend upon loca-
tion along the channel, the product of Reynolds and Prandtl
numbers (RePr), and upon a Joule heating parameter S.
Thermal entrance lengths, proportional to RePr, decrease
with Joule heating, and are of the order of the channel height
for small RePr. Existing predictions of velocity entrance
lengths are included for comparative purposes and the fully-
developed region is also discussed.

Bamford, R. M.

BO5 APPLICATION OF STRUCTURAL ANALYSIS
AND MATRIX INTERPRETIVE SYSTEM
Bamford, R. M.
Technical Memorandum 33-399, October 15, 1968
(Unclassified)
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The matrix manipulations required for common structural
analysis problems are developed, the control cards that direct
the structural analysis and matrix interpretive system to
perform these operations are listed, the required data are
described, and a sample problem is given.

Bathker, D. A.

BO6 RADIO-FREQUENCY PERFORMANCE OF AN 85-FT
GROUND ANTENNA: X-BAND
Bathker, D. A.
Technical Report 32-1300, July 1, 1968
(Unclassified)

The NASA/JPL Deep Space Instrumentation Facility 85-
and 210-ft paraboloidal ground antennas have previously
been demonstrated to operate well below gain limit at S-
band. The results of approximately 6 weeks of experimental
effort together with supporting studies of an 85-ft paraboloid
at X-band are given. Determinations of the aperture effi-
ciency by independent methods are in close agreement and
show the system remains below gain limit at X-band. Me-
chanical perturbations, including ordered changes in the
paraboloid focal length, were evaluated by radio-frequency,
and machine-reduced field data were obtained by civil en-
gineering techniques.

BO7 THE ULTRA CONE: AN ULTRA-LOW-NOISE SPACE
COMMUNICATION GROUND RADIO-FREQUENCY
SYSTEM
Levy, G. S., Bathker, D. A., Higa, W., Stelzried, C. T.
Technical Report 32-1340 (Unclassified)

(Reprinted from IEEE Transactions on Microwave Theory
and Techniques, Vol. MTT-16, No. 9, pp. 596-602,
September 1968)

For abstract, see Levy, G. S.

Bejczy, A. K.

BO8 FUEL-OPTIMAL RETROTHRUST CONTROL PROBLEMS FOR
PROPULSIVE SOFT-LANDING MANEUVERS IN THE
PRESENCE OF DRAG
Bejczy, A. K.

Technical Report 32-1361, June 1, 1969
(Unclassified)

A fuel-optimal retrothrust control program is demonstrated
to be highly superior to an acceleration-type control law for
the terminal phase of a propulsive soft-landing mission to an
atmospheric planet, using either a vertical trajectory or a
gravity-turn ballistic trajectory. These trajectories are con-
sidered under conditions in which (1) the drag depends
quadratically on the velocity and inverse-exponentially on the
altitude, (2) it is desirable to reach zero velocity at zero
altitude, and (3) the terminal value of the ballistic path angle
is unspecified. The equivalent terminal-value optimal control
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problem (maximizing the final mass of the space vehicle),
which could be termed an “inverse” Goddard Problem, is
treated by applying Pontryagin’s Maximum Principle. It is
proved that for both types of trajectories, the fuel-optimal
retrothrust control program is always of the bang-bang type,
composed of only two sections in the optimal control
sequence. The fuel-optimal retrothrust control, when com-
pared with the results of the acceleration-type control law,
gives a decrease of 35 and 55% in fuel consumption for the
vertical and ballistic trajectories, respectively, and a decrease
of 45 and 75% in required controlled landing time for the
two types of trajectories, respectively.

Benedict, A. G.

B09 RELIABILITY-CONFIDENCE COMBINATIONS FOR
SMALL-SAMPLE TESTS OF AEROSPACE
ORDNANCE ITEMS
Benedict, A. G.

Technical Report 32-1165, July 1, 1968 (Revision 1)
(Unclassified)

Reliability-confidence combinations for small-sample, no-
fail tests of aerospace ordnance items ave considered in some
detail. Analyses epitomized by the widely used, but some-
times misapplied, equation

y=1—R"
are shown to provide unexpectedly good approximations.
Component reliabilities corresponding to confidences of the
order of 70%, as based on tests by attributes, are shown to
be satisfactory for calculation of simple series and parallel
system reliabilities; it is suggested that 70% confidence levels
may also be a good choice for tests by variables.

Benes, M.

B10 RELATIVE AND ABSOLUTE ORIENTATION
ERROR ANALYSIS
Benes, M.
Technical Report 32-1344 (Unclassified)
(Reprinted from Photogrammetric Engineering, Vol. 34,
pp. 1186-1197, November 1968)

Because of peculiarities of extraterrestrial photography (TV
transmission, low resolution, small vidicon format, small base-
to-height ratio, etc.), relative orientation of a photogrammetric
stereopair either cannot be reconstructed at all, or resulting
residual and standard errors are excessively large. Therefore,
instead of using observed image coordinates, exterior orienta-
tion data are used for a “forced” relative orientation. This
way model coordinates can always be computed; however,
the question of their accuracy is a critical one. Based on the
principle of collinearity, the law of propagation of errors is
applied to the basic analytical relative orientation relation,
and a complete error analysis considering the influence of all
involved parameters is derived. Absolute orientation repre-
sents then a similar problem, because in extraterrestrial cases



ground control points usually are not available and therefore
exterior orientation data must also be used. Again, a similar
error analysis is determined. The relations were programmed
for an IBM computer and, using different combinations of
parameters, statistical data were obtained.

Berman, A. L.

Bi1 ABTRAJ-ON-SITE TRACKING PREDICTION PROGRAM
FOR PLANETARY SPACECRAFT '
Berman, A. L.

Technical Memorandum 33-391, August 15, 1968
(Unclassified)

The On-Site Tracking Program for planetary spacecraft
provides the capability to generate predictions at the local
tracking stations during emergency or unscheduled passes and
to more efficiently use JPL resources. This Fortran program
for the SDS 920/930 series computers with one magnetic tape
unit and input/output typewriter uses one main prediction
routine ABTRAJ and subroutines for trajectory, sun and
moon ephemeris data, date, and time functions. The accuracy
comparison of the program with the JPL Trajectory Program
indicates that errors fall well within any operational tolerances.

Berman, P.

B12 EFFECTS OF ENVIRONMENTAL EXPOSURES
ON SILICON SOLAR CELLS
Moss, R., Berman, P.
Technical Report 32-1362, January 15, 1969
(Unclassified)

For abstract, see Moss, R.

Bird, T. H.

B13 SURVEYOR V MISSION REPORT
PART 1ll. TELEVISION DATA
Bird, T. H., Smokler, M. 1., Smyth, D. L.
Technical Report 32-1246, July 15, 1968
(Unclassified)

This three-part document constitutes the Project Mission
Report on Surveyor V, the fifth in a series of unmanned lunar
soft-landing missions. Part III consists of 164 selected pictures
from Surveyor V and appropriate explanatory material; 39
mosaics composed of individual frames are also included.

B14 SURVEYOR VI MISSION REPORT
PART ill. TELEVISION DATA
Bird, T. H., Smokler, M. 1., Smyth, D. L.
Technical Report 32-1262, August 15, 1968
(Unclassified)

This three-part document constitutes the Project Mission
Report on Surveyor VI, the sixth in a series of unmanned
lunar soft-landing missions. Part III presents 139 of the Sur-

veyor VI television pictures transmitted to earth from the
lunar surface, between November 10 and November 24, 1967,
46 mosaics composed of individual frames are also included.
Appropriate information for interpreting these pictures is
given in the individual sections of the report.

B15 SURVEYOR ViI MISSION REPORT
PART Ili. TELEVISION DATA
Bird, T. H., Smokler, M. 1., Smyth, D. L.
Technical Report 32-1264, September 1, 1968
(Unclassified)

This three-part document constitutes the Project Mission
Report on Surveyor VII, the last spacecraft in a series of un-
manned lunar soft-landing missions. Part 111 consists of selected
pictures from Surveyor VII and appropriate explanatory
material. Most of the results given in this report are based
on data evaluation prior to March 15, 1968, It is expected
that future evaluation and analysis of the Surveyor VII data
will provide additional science results.

Blair, M. F.

B16 PERFORMANCE OF THE JPL 43-in. HYPERSONIC
SHOCK TUNNEL
Blair, M. F.
Technical Report 32-1370, March 15, 1969
(Unclassified)

Shock speeds and test times have been calculated and
measured for the 3-in.-diameter shock tube which supplies
the hot gas for the JPL 43-in.-diameter hypersonic shock
tunnel. The pressures recorded at, and near the end of the
driven tube, both with a closed end and with the shock
tunnel attached, have been explained and time-resolved.
Tailoring, or equilibrium interface operation, was observed
for 5.7 = M, = 5.4 for cold H, driving N,. Tailoring Mach
number limitation is correlated with the results for mixing
due to bifurcation effects. Starting wave speeds were mea-
sured and calculated for the hypersonic nozzle, and a pitot
survey was made of the working region. The testing region
had a Mach number of approximately 12.5 when the l-in.-
diameter throat was used for the nozzle. Attempts to employ
flow visualization techniques were unsuccessful.

Blinn, J. C., 11l

B17 AIRBORNE MULTIFREQUENCY MICROWAVE
'RADIOMETRIC SENSING OF AN
EXPOSED VOLCANIC PROVINCE
Blinn, J. C., lli (Jet Propulsion Laboratory)
Chapman P., Quade, J. (University of Nevada)
Technical Memorandum 33-405, October 15, 1968
(Unclassified) '

In support of the NASA Earth Resources Program, an em-
pirical study was conducted, using airborne and ground based
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sensors, to search for correlations between multispectral micro-
wave brightness temperatures and geologic parameters. The
test site, in the vicinity of Mt. Lassen, Calif., was chosen be-
cause of its simple topography, large distinct areas of homo-
geneous composition, roughness characteristics, and lack of
vegetation, Radiometers, operating at 9.3, 15.8, 22.2, and
34.0 GHz, were flown over preselected flight lines four times
per flight to collect data,

Results of the ground truth studies and analysis of the
aircraft overflights show a distinction between cinder and lava,
two chemically similar materials with different surface char-
acteristics. Results from an area of cinder layered over lava
show a distinctive response, which may be related to cinder
thickness. An improved experiment, which uses more tempera-
ture probes, geologic cross sections, a ground-based microwave
radiometer, and other refinements, is recommended.

Bollman, W. E.

Bi8 AN AMBIGUITY IN THE ORBIT DETERMINATION
OF PLANETARY FLYBY TRAJECTORIES
Bollman, W. E.
Technical Report 32-1331, November 1, 1968
(Unclassified)

As new space missions from earth to the planets are de-
signed, more accurate estimating of the in-light trajectory
will be required to complement the more complex scientific
experiments. Conventional methods of in-flight orbit deter-
mination, such as two-way-doppler and range measurements
from one or more ground tracking stations, have demon-
strated the high accuracy that can be achieved. Traditionally
the accuracy of orbit estimation becomes very good near the
planet when the spacecraft speeds up under the planet’s
grz{vitational attraction and thus as the doppler changes are
magnified. The purpose of this study is to analyze the. geo-
metrical properties of spacecraft doppler measurements made
near a planet and to show that under certain situations an
orbit-determination program could converge to an incorrect
solution for the planet-centered inclination of the spacecraft
hyperbolic orbital plane. Methods of correcting the situation
are also presented.

Bonnell, J. M.

B19 AN INVESTIGATION OF SPHERICAL BLAST WAVES
AND DETONATION WAVES IN A ROCKET
COMBUSTION CHAMBER
Bonnell, J. M.

Technical Report 32-1286, August 15, 1968 (Unclassified)

An investigation was conducted to determine the nature of

the shock-like wave produced by an explosion in a liquid
propellant rocket combustion chamber. A relatively simple
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model of the wave behavior was devised. It consisted of a
spherical blast wave that developed into a steadily propa-
gating Chapman-Jouguet plane detonation wave. The be-
havior of the blast wave close to the explosive source was
determined by a series of bomb tests conducted in a chamber
pressurized with nitrogen. The behavior of a spherical wave
in a reacting medium was determined by exploding bombs
mounted on the axial centerline of a rocket combustor in a
series of rocket motor firings. A comparison of the theoretical
and actual times for a wave to travel from its source to the
chamber wall indicated that the actual times were appre-
ciably larger. However, the theoretical detonation conditions
of the combustion chamber were rather ill-defined and could
be adjusted to accommodate the experimental results. The
results indicated that the bomb-generated wave, on its first
pass to the wall, behaved more like a blast wave than a
detonation wave.

Borncamp, F.

B20 THE RANGER IX FLIGHT PATH AND ITS
DETERMINATION FROM TRACKING DATA
Vegos, C. J., Borncamp, F., Liv, A. S.

Piaggi, E. G., Trask, D. W., Wallace, R. A.
Technical Report 32-767, November 1, 1968
(Unclassified)

For abstract, see Vegos, C. J.

Boundy, R. A.

B21 A LIGHTWEIGHT 62-ft AEROSHELL FOR
AN EARLY MARS PROBE MISSION
Nagler, R. G., Boundy, R. A. (Jet Propulsion Laboratory)
Scholl, J. R., Dawson, J. B. (Rohr Corporation)
Technical Report 32-1325, September 15, 1968
(Unclassified)

For abstract, see Nagler, R, G.

Bunce, R. C.

B22 UNIFIED $-BAND RECEIVER-EXCITER SUBSYSTEM
Bunce, R. C.
Technical Report 32-809, September 15, 1968
(Unclassified)

This report summarizes the functional capabilities and phy-
sical arrangement of the receiver-exciter subsystem that is a
part of the unified S-band Apollo communications and tracking
ground-station system. The report is based on a talk given at
the Apollo Unified S-Band Technical Conference held at God-
dard Space Flight Center, Greenbelt, Maryland, on July 14
and 15, 1965.

The functional operation is initially described in relation to
the other interfacing equipment by separate explanations of
four relatively independent capabilities: doppler extraction,



two-way communications, angle-tracking, and ranging. Some-
what more detailed information is then presented for the main
receiver phase-lock and automatic gain control loops, and the
ranging receiver phase-lock loops.

Butman, §.

B23 SYNCHRONIZATION OF PCM CHANNELS BY
THE METHOD OF WORD STUFFING
Butman, 8.
Technical Report 32-1279 (Unclassified)
(Reprinted from [EEE Transactions On Communication
Technolegy, Vol. Com-16, No. 2, April 1968, pp. 252-254)

The pulse stuffing technique for rate equalization of digital
channels is extended in this report to the stuffing of a se-
quence of pulses (a word), which can be coded. The extra
capacity needed for signaling the stuffed word decreases ex-
ponentially with the number of pulses in it, and may be
eliminated at a negligible increase in the error rate of the
channel,

Cameron,>R. E.

CO01 ABUNDANCE OF MICROFLORA IN SOILS OF
DESERT REGIONS
Cameron, R, E.
Technical Report 32-1378, May 15, 1969
CUnclassified)

Surface soils were collected by aseptic techniques from
widely varying desert areas, and were analyzed for physical,
chemical, and microbiological properties. The soils showed a
wide range of properties but were generally greyish, yellow-
ish, or brownish sands, low in organic matter and cation
exchange capacity. There were detectable concentrations of
water-soluble ions, and pH values above 7.0, except in
volcanic areas. Total microbial abundances ranged from zero
(undetectable) to > 10°/g of soil. Aerobic and microaero-
philic bacteria were most abundant, followed by algae and
molds. The anaerobic bacteria were generally least abundant
or undetectable. Predominant microflora included Bacillus
species, soil diphtheroids, Schizothrix species and other
oscillatorioid blue-green algae, Streptomyces species, Penicil-
lium species, and Aspergillus species.

Campbell, B. A.

€02 STUDIES ON ETHYLENE OXIDE-FREON 12
DECONTAMINATION AND DRY-HEAT
STERILIZATION CYCLES
Kalfayan, S. H., Silver, R. H., Campbell, B. A.
Technical Report 32-1310, August 15, 1968
(Unclassified)

For abstract, see Kalfayan, S. H.

Cary, C. N.

C03 GRAVITATIONAL INCONSISTENCY IN THE LUNAR
THEORY: CONFIRMATION BY RADIO TRACKING
Cary, C. N., Sjogren, W. L.

Technical Report 32-1290, Part Il (Unclassified)
(Reprinted from Science, Vol, 160, May 24, 1968,
pp. 875-876)

When range and doppler observations of space probes near
or on moon are reduced by use of a lunar ephemeris calculated
from the Brown lunar theory, residuals as large as 440 m in
position and 1.5 mm/s in velocity are observed. When the cal-
culations are repeated with use of the integrated lunar ephem-
eris described, the residuals are greatly reduced.

Case, R. K.

€04 ELECTROMAGNETIC INTERFERENCE ASPECTS OF
INTEGRATING A UHF/VHF RECEIVER ONBOARD
MARINER V
Case, R. K., Keeler, L. H.
Technical Report 32-1315, November 1, 1968
(Unclassified)

On a spacecraft, electronic equipment in close proximity
must operate in the environment of noise generated by every
other device on that spacecraft. When the electronic equip-
ment is a sensitive radio receiver, the spacecraft noise can
affect the sensitivity of the receiver if the noise is in its pass-
band. The tasks involved in the integration of a dual-frequency
receiver (DFR) on Mariner V as part of the complement of
scientific instruments are discussed in this report. The primary
effort was that of ensuring proper experiment operation after
it was determined that noise contributed by the spacecraft
was excessive at 49.8 MHz and that there was an interaction
of the DFR 423.3-MHz channel with the -S-band telecom-
munications ranging system. The criteria for verifying proper
system operation and the modifications necessary for estab-
lishing a compatible spacecraft environment are discussed.

Chahine, M. T.

C05 INVERSE PROBLEMS IN RADIATIVE TRANSFER. PART I:
DETERMINATION OF THE TEMPERATURE PROFILE IN
AN ATMOSPHERE FROM ITS OUTGOING RADIANCE
Chahine, M. T.
Technical Report 32-1351, Part | (Unclassified)
(Reprinted from Journal of the Optical Society of America,
Vol. 58, No. 12, pp. 1634-1637, December 1968)

A highly convergent relaxation method has been developed
for the inversion of the full radiative-transfer equation. The
results of the iterative solution indicate that convergence can
be achieved over a wide range of initial estimates, enabling
the temperature profile of a relatively unknown atmosphere
to be unambiguously determined. The method is illustrated
by examples for the outgoing radiance in the earth’s atmos-
phere in the region of the 4.3-p CO, band, but can be simi-
larly applied in other frequency ranges.
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Chapman, C. P,

C06 SCANNING TECHNIQUES FOR RANDOM NOISE TESTING
Chapman, C. P.
Technical Report 32-1259 (Unclassified)
(Reprinted from The Journal of Environmental Sciences,
Vol. 11, No. 1, pp. 27-35, February 1968)

When conducting random noise vibration tests it is neces-
sary to equalize the structure gains of the system (shaker,
test fixture, and specimen), Automatic spectrum equalizer/
analyzer systems have been developed to control random
noise tests; however, these commercially manufactured in-
struments can utilize only a single-signal source (the output
of a single accelerometer). If additional accelerometers are
to be employed for control of the vibration levels to the test
specimen, it is necessary to provide some means of sampling
each of the accelerometer signals. The sampling must be
conducted in such a manner that all the frequency informa-
tion necessary for the automatic equalization equipment is
preserved and no additional frequencies are introduced by
the scanning or sampling technique. The multiple channel
accelerometer scanners developed at JPL’s Environmental
and Dynamic Testing Laboratory meet this requirement.

Chapman, P.

C07 AIRBORNE MULTIFREQUENCY MICROWAVE
RADIOMETRIC SENSING OF AN
EXPOSED VOLCANIC PROVINCE
Blinn, J. C., 1 (Jet Propulsion Laboratory)
Chapman, P., Quade, J. (University of Nevada)
Technical Memorandum 33-405, October 15, 1968
(Unclassified)

For abstract, see Blinn, J. C., TII'

Clayton, R. M.

C08 THE INFLUENCE OF SEVERAL NEAR-WALL INJECTION
CONDITIONS ON THE COMBUSTION PERFORMANCE
OF A LIQUID ROCKET ENGINE
Clayton, R. M.
Technical Report 32-1283, September 15, 1968
(Unclassified)

Efforts to achieve smooth combustion and to establish
steady-state behavior of a combustor under a variety of injected
flow conditions have been summarized. The experimental com-
bustion performance of an 18-in.-diam engine was found to
vary under different near-wall injection conditions. Because of
combustion effects, considerable spray separation is present in
a main (core) flow. This separation degrades propellant mix-
ing, especially along the outer periphery of the main flow, and
produces as much as 10% performance variation, depending
on the particular operating conditions of an ancillary injection
scheme located near the chamber wall. A maximum perform-
ance recovery was achieved near the optimum mixture ratio
for spray mixing for the boundary injector elements.
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A rough combustion mode, manifested by high-amplitude
disturbances of combustion pressure, was aggravated by poor
stability of the streams from the boundary injection system.
This condition was alleviated (but not eliminated) by modifi-
cations to the hydraulic design of the boundary system,

C09 AN EXPERIMENTAL DESCRIPTION OF DESTRUCTIVE
LIQUID ROCKET RESONANT COMBUSTION
Clayton, R. M., Rogero, R. S., Sotter, J. G.

Technical Report 32-1293 (Unclassified)
(Reprinted from AIAA, Vol. 6, No. 7, July 1968,
pp. 1252-.1259)

A steep-fronted, high-amplitude pressure wave sweeping
about the combustion chamber axis during a destructive liquid-
rocket resonant-combustion mode leads to the consideration of
a rotating detonationlike wave concept to explain the phenom-
enon. Results of a portion of the experimental phase of the
investigation show some of the spatial properties of the wave
for a variety of chamber geometries. Nitric acid and aniline/
furfuryl alcohol propellants are used at a nominal thrust of
20,000 1bf and a chamber pressure of 300 psia. The wave
geometry is deduced from multiple high-response measure-
ments. The pressure-wave-to-chamber-wall intersection is
found to curve in the direction of wave rotation with the noz-
zle end of the intersection substantially leading the injector end.
The wave-to-injector-face intersection extends into the central
area of the face, although the wave becomes weak in this area.
The observed pressure ratio across the wave front varies from
in excess of 20:1 near the injector to 4:1 near the nozzle en-
trance. The nonsymmetrical wave exhibits a shocklike transient
at certain chamber locations.

Conel, J. E.

C10 LUNAR EXPLORATION: THE IMPACT OF RANGER
AND SURVEYOR RESULTS
Stewart, H. J., Hibbs, A. R., Conel, J. E., Rindfleisch, T.
Technical Report 32-1399 (Unclassified)
(Reprinted from Astronautics and Aeronautics, Vol. 7,
No. 1, January 1969)

For abstract, see Stewart, H. J.

Craven, C. W.

C11 PLANETARY QUARANTINE AND SPACE
VEHICLE STERILIZATION
Craven, C. W., Stern, J. A., Ervin, G. F.
Technical Report 32-1276 (Unclassified)
(Reprinted from Astronautics & Aeronautics,
Vol. 6, No. 8, pp. 18-48, August 1968)

At the COSPAR meeting in Florence, Italy, in May 1964, a
study group in standards for space-vehicle sterilization met at
the behest of the organization’s Consultative Group on Poten-
tially Harmful Effects of Space Experiments. The study group,
which included members from Sweden, the U.S., France,



Belgium, the USSR, and the U.X., concluded that the proba-
bility of a single viable organism being aboard any vehicle
intended for a Mars landing should be less than 10~ (Sub-
sequent COSPAR deliberations have recommended that this
figure be increased to 107.)

The sterilization effort described here permits unmanned
exploration of Mars and Venus to go forward with confidence
that terrestrial microbial contamination can be controlled
adequately and the planetary-quarantine constraints met.

C12 A PRELIMINARY QUARANTINE ANALYSIS OF A
POSSIBLE MARINER VENUS 1972 MISSION
Craven, C. W., Sherry, E. J., Stern, J. A.

Technical Memorandum 33-377, April 15, 1968
(Unclassified)

A preliminary quarantine analysis of a possible Mariner
Venus 1972 mission has been carried out to identify technical
areas requiring further investigations or actions. Quarantine
constraints for the analysis were derived from prior constraints
established for earlier planetary missions. A quarantine allo-
cation model was developed that permits easy test of the
probability of contamination from key sources. Concern was
mainly directed to the lander capsule, spacecraft, biobarrier,
and various debris as possible sources of contamination. Var-
ious mission modes considered included separation or no sep-
aration of the planetary vehicle, separation and bias aiming
of the spacecraft to avoid impact, and separation but crashing
spacecraft.

Cuffel,R.F.

Ci3 HEAT-TRANSFER MEASUREMENTS IN THE
SHOCK-INDUCED FLOW SEPARATION REGION IN A
SUPERSONIC NOZZLE
Back, L. H., Massier, P. F., Cuffel, R. F.

Technical Report 32-1278 (Unclassified)
(Reprinted from AIAA Journal, Vol 6, No. 5, May 1968,
pp. 923-925)

For abstract, see Back, L. H.

Davis, J. P.

pOo1 A CONTROL SYSTEM STUDY FOR AN IN-CORE
THERMIONIC REACTOR
Weaver, L. E., Gronroos, H. G., Guppy, J. G., Davis, J. P.
Technical Report 32-1355, January 15, 1969
(Unclassified)

For abstract, see Weaver, L. E.

Dawson, J. B.

D02 A LIGHTWEIGHT 6}2-ft AEROSHELL FOR
AN EARLY MARS PROBE MISSION
Nagler, R. G., Boundy, R. A. (Jet Propulsion Laboratory)
Scholl, J. R., Dawson, J. B. (Rohr Corporation)

Technical Report 32-1325, September 15, 1968
(Unclassified)

For abstract, see Nagler, R. G.

Devine, C. J.

D03 GRAVITATIONAL INCONSISTENCY IN THE LUNAR
THEORY: NUMERICAL DETERMINATION
Mulholland, J. D., Devine, C. J.

Technical Report 32-1290, Part | (Unclassified)
(Reprinted from Science, Vol. 160, May 24, 1968,
pp. 874-875)

For abstract, see Mulholland, J. D.

Dickinson, R. M.

D04 LARGE SPACECRAFT ANTENNA STUDY
ANALYTICAL PATTERN SUBTASK
Dickinson, R. M.

Technical Report 32-1352, January 15, 1969
(Unclassified)

This report presents the results of an analytic and experi-
mental program to develop techniques for calculating the
circularly polarized patterns of erectable spacecraft high-gain
antennas. Surface equations for one class of radial rib erect-
able antenna are derived. Mathematical expressions are de-
veloped for calculating the far field circularly polarized patterns
based upon the reflector surface equations and circularly
polarized feed illumination patterns.

Experimental measured patterns were obtained to compare
with the computer calculated theoretical patterns, Sample
computer programs used to obtain the best focus position and
to calculate patterns are contained in the Appendix.

DO5 COST EFFECTIVENESS OF SPACECRAFT
POINTING ANTENNAS
Dickinson, R. M.
Technical Memorandum 33-390, June 15, 1968
(Unclassified)

This memorandum presents an analysis of the minimum
telecommunication cost for data return at planetary distances
using pointing antennas. The system analyzed concerns only
the related communications downlink portions of a spacecraft
and the Deep Space Network ground stations and Space
Flight Operations Facility. A solar-cell-powered spacecraft
using either a programmed pointing or RF tracking antenna
is assumed. Based upon the assumptions made, spacecraft RF
tracking antennas are shown to be more cost effective than
programmed pointing antennas for the return of greater than
10 bits of data from Mars or greater than 10% bits from
Jupiter, The results of the analysis are sensitive to certain cost
and performance assumptions, which are discussed in the
memorandum.
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Didday, R. L.

D06 SUBCARRIER TRACKING METHODS AND
COMMUNICATION SYSTEM DESIGN
Didday, R. L., Lindsey, W. C.
Technical Report 32-1317 (Unclassified)
(Reprinted from IEEE Transactions on Communication
Technology, Vol. COM.-16, No. 4, pp. 541-550,
August 1968)

It is advantageous from power considerations to allow

suppressed-carrier coherently-detected communications. Two
methods for generating a coherent reference for the demodu-
lation of a suppressed-carrier signal, namely, the squaring loop
and the mathematically equivalent Costas loop, are analyzed,
including at some points the effects of voltage-controlled
oscillator noise-and initial frequency detuning. The steady-state
phase error probability distribution is presented, as is the
~expected time to first loss of lock in the first-order loop.
Probabilities of error in coded or uncoded telemetry systems
which use a squaring loop to generate a coherent subcarrier
reference are investigated, allowing appropriate values of
system parameters to be chosen by system designers,

Divita, E. L.

DO7 SOLAR PROTON FORECAST SYSTEM AND PROCEDURES
USED DURING THE MARINER V MISSION
Gonzalez, C. C., Divita, E. L.
Technical Report 32-1303, October 1, 1968
(Unclassified)

For abstract, see Gonzalez, C. C.

Dobbins, R. A.

D08 A COMPARISON OF TWO METHODS OF
MEASURING PARTICLE SIZE OF Al,O, PRODUCED BY
A SMALL ROCKET MOTOR
Dobbins, R. A. (Brown University)
Strand, L. D. (Jet Propulsion Laboratory)
Technical Report 32-1383, June 1, 1969
(Unclassified)

The size of the particulate effluent of rocket motors con-
taining aluminum as a fuel additive must be known in order
to predict the thrust loss due to particle lag, the particulate
radiant heat transfer, the particulate acoustic attenuation,
particle impingement, and the plume structure and proper-
ties. The particle size of the ALO, produced by a small
rocket motor was determined by tank collection and by
spectrophotometric tests to explain a previous discrepancy
and to learn to use these test methods in a mutually comple-
mentary fashion. Tank collection tests were performed with
tank volume, aluminum loading in the propellant, and cham-
ber pressure .as the principal variables, The particle size data
from tank collection tests was analyzed in the form of various
mean diameters, moment ratios, and the mass median diam-
eter. Spectrophotometric tests were performed at three wave-
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lengths on motors with chamber pressure and aluminum
content as principal variables, The tank collection tests gave
internally consistent results only when the mean size was
defined in terms of the low moments of the distribution func-
tion. These mean diameters show the same mild growth with
chamber pressure as indicated by the optical measurements.

Dumas, L. N.

D09 TEMPERATURE CONTROL OF THE MARINER
VENUS 67 SPACECRAFT
Dumas, L. N.
Technical Report 32-1284, July 15, 1968
(Unclassified)

The variation in solar intensity during the Mariner V mis-
sion made effective solar isolation a requirement for spacecraft
survival. The temperature control design is presented, with
emphasis on the design features that provided this isolation.
The results of thermal testing and flight temperature data are
summarized and discussed.

Duxbury, T. C.

DI0 NEAR-ENCOUNTER GEOMETRY GENERATION
Duxbury, T. C.
Technical Report 32-1338, November 15, 1968
(Unclassified)

A method is presented for generating the near-encounter
spacecraft-target-planet celestial geometry by including the
motion of the spacecraft-target-planet system about the sun
in the two-body trajectory solution. This method has been
incorporated in a computer program that has been used to
simulate an earth~Mars trajectory. The computer program,
which uses output data from the SPACE-Single Precision
Cowell Trajectory Program as input, is presented along with
the results from the trajectory studied.

Dyckman, L.

D11 THE 10-FT SPACE SIMULATOR AT THE
JET PROPULSION LABORATORY
Alexander, W., Dyckman, L., Harrell, J., Nelson, W.,
Schaefle, W.
Technical Report 32-1231, Revision 1, January 15, 1969
(Unclassified)

For abstract, see Alexander, W.

Earnest, J. E., Jr.

EO1 FIRING SQUIBS BY LOW-VOLTAGE CAPACITOR
DISCHARGE FOR SPACECRAFT APPLICATION
Earnest, J. E., Jr., Murphy A. J.

Technical Report 32-1230, October 15, 1968
(Unclassified)

The design of low-voltage capacitor-discharge circuits for
firing hot bridgewire squibs requires that squib thermal and
circuit electrical time-constants be considered as interrelated.



These functional relationships are analyzed by use of an
electro-thermal analogy with one composite time-constant.
The effects of secondary characteristics not considered in the
simple analogy are also discussed.

Easterling, M. F.

E02 A HIGH-RATE TELEMETRY SYSTEM FOR THE MARINER
MARS 1969 MISSION
Tausworthe, R. C., Easterling, M. F., Spear, A. J.
Technical Report 32-1354, April 1, 1969
(Unclassified)

For abstract, see Tausworthe, R. C.

Ebersole, M. M.

E03 A COMPUTER PROGRAM FOR SIMPLIFYING IN-
COMPLETELY SPECIFIED SEQUENTIAL MACHINES
USING THE PAULL AND UNGER TECHNIQUE
Ebersole, M. M., Lecoq, P. E.

Technical Report 32-997, November 15, 1968
(Unclassified)

This report presents a description of a computer program
mechanized to perform the Paull and Unger process of sim-
plifying incompletely specified sequential machines. (An
understanding of the process is a prerequisite to the use of
the techniques presented in this report.) This process has
specific application in the design of asynchronous digital
machines and was used in the design of operational support
equipment for a Mariner-type spacecraft central computer and
sequencer. A typical sequential machine design problem is
presented to show where the Paull and Unger process has
application. A description of the Paull and Unger process
together with a description of the computer algorithms used
to develop the program mechanization are presented. Several
examples are used to clarify the Paull and Unger process and
the computer algorithms. Program flow diagrams, program
listings, and a program-user operating procedure are in-
cluded as appendixes.

Eddy, R. P.

E0O4 DESIGN AND CONSTRUCTION OF THE 15-fi-BEAM
SOLAR SIMULATOR SSI5B
Eddy, R. P.
Technical Report 32-1274, October 1, 1968
(Unclassified)

The modification of the JPL 25-ft space simulator to in-
corporate a larger, higher quality solar simulator produced
an initial 15-ft-diam beam of better than 5% uniformity
measured throughout the test volume. Although similar in
general arrangement to the SS6A system developed for the
10-ft simulator, it employs several new developments. The
uniformity and collimation are improved by defocusing and
rotating the collimator and by using the aberration effect of
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the condensing lenses in the mixer lens assembly. The effi-
ciency has been improved by incorporating a lens in the
vacuum interface window. The use of water-cocled, 20-kW
xenon arc lamps allows the system to be operated with a
fewer number of lamps and related support equipment. The
conservative design of the SS15B simulator makes available
sufficient reserve power which can be used for enlarging the
beam to the ultimate 20-ft diam, providing up to planet
Mercury radiance, reducing the collimation angle, or improv-
ing the spectrum by selective filtering.

Ellio#t, D. G.

EO5 VARIABLE-VELOCITY MHD INDUCTION GENERATOR
WITH ROTATING-MACHINE INTERNAL
ELECTRICAL EFFICIENCY
Elliott, D. G.
Technical Report 32-1328 (Unclassified)
(Reprinted from AIAA Journal, Vol. 6, No. 9,
pp. 1695-1702, September 1968)

A traveling-wave, MHD induction generator with varying
fluid velocity between inlet and exit can have the same in-
ternal electrical efficiency as a rotating induction generator,
The fraction of electric retarding work converted to electric
output at each station in the flow channel is (1 + s)-1
where s is the local slip (U — U,) /U, between the velocity
of the fluid U and the velocity of the zero-crossing of the
magnetic field wave U,. To produce the rotating-machine
efficiency, the product of magnetic field amplitude, wave
velocity, and flow channel width is held constant from inlet
to exit. The local slip can be freely chosen for maximum elec-
tric output from the fluid in the presence of friction, and the
inlet magnetic field can be selected for maximum output after
winding and end losses. An efficiency of 0.63 is found pos-
sible with a 325-kw lithium generator,

Ervin, G. F.

EO6 PLANETARY QUARANTINE AND SPACE
VEHICLE STERILIZATION
Craven, C. W., Stern, J. A,, Ervin, G. F,
Technical Report 32-1276 (Unclassified)
(Reprinted from Astronautics & Aeronautics,
Vol. 6, No. 8, pp. 18-48, August 1968)

For abstract, see Craven, C. W,

Ferrera, J.D.

FO1 A METHOD FOR CALCULATING STEADY-STATE
THRUST AND FLOW-RATE LEVELS FOR
MARINER IV TYPE ATTITUDE
CONTROL NITROGEN GAS JETS
Ferrera, J. D., McKown, P. M.

Technical Report 32-1353, December 1, 1968
(Unclassified)
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The work presented in this report is limited to steady-
state thrust and flow-rate determinations versus varying
design parameters for the Mariner IV type ball-valve/nozzle
configurations, where a subsonic orifice is in series with a
sonic nozzle throat separated by a chamber volume .of ap-
proximately 0.2 cm?®. Design variables investigated included
inlet pressure of 10 to 35 psi, ambient pressure of 1 X 10-¢
torr, inlet temperature of —100 to -+150°C, valve orifice
area of 5 X 10-¢to 40 X 10-* in.2, nozzle throat diameter of
5X 10 to 50 X 10-3 in., nozzle geometric area ratio of
25:275, and nozzle cone half-angle of 15 to 40 deg.

Thrust levels considered are in the millipound range using
cold nitrogen gas as the propellant. The equations used to
determine nozzle losses are based on flat-plate analogies. The
mathematical formulation and IBM 1620 computer program
used in this analysis are also described,

Fischbach, D. B.

FO2 THE EFFECT OF SUBSTRATE STRUCTURE ON THE
DEPOSITION OF EVAPORATED CARBON
Fischbach, D. B.

Technical Report 32-1309, October 15, 1968
(Unclassified)

A carbon deposition effect similar to that reported by
Lewis and Floyd, but one that requires a different explana-
tion, was discovered during studies of tensile creep on pyro-
lytic and glassy carbons.

FO3 BASAL-PLANE METALLOGRAPHY OF DEFORMED
PYROLYTIC CARBON
Fischbach, D. B., Adkins, J. M.
Technical Report 32-1389, June 1, 1969
(CUnclassified)

Normal metallographic polishing techniques work well on
pyrolytic-carbon layer-edge surfaces, but can give misleading
results when applied to the basal-plane surfaces of well
annealed or deformed samples. The correct structure is
obtainable, but it appears only briefly in a sequence of
cyclically recurring disturbed structures generated by the
loosening, break-up, and removal of thin surface layers as a
function of polishing time. Basal-plane surface preparation
by cleavage, a simpler and quicker method, avoids the
ambiguities that can occur with polishing,

Frewing, H. K.

FO4 MULTIPATH, POLARIZATION, AND POINTING LOSSES
FROM A MARS LANDER
Frewing, H. K.
Technical Report 32-1333, December 15, 1968
(Unclassified)

A model and a computer simulation program have been
developed for statistically estimating the multipath, polari-
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zation, and pointing losses associated with the communication
link from a planetary lander. The model allows these losses to
be estimated for a lander of any configuration, with any
antenna array, with any antenna characteristics and impacting
at any position on any planet. It aceounts for the random
distribution of surface slopes likely to be encountered by a
planetary lander. It assumes specular reflection of circular
polarized waves as the multipath interference mechanism.

Equations for computing multipath, polarization, and point-
ing losses are derived, as are the coordinate ‘transformations
required for converting the random impact conditions of a
planetary lander into quantities required for the electro-
magnetic equations. One hundred computer-simulated land-
ings of a JPL Mars rough lander are carried out for one landing
in which the earth is 45 deg above the western horizon and
for another landing in which the earth is overhead. Statistical
distributions of combined multipath, polarization, and pointing
losses are computed for each of these landing conditions.

Appendixes justify the use of the planet surface model
assumed, provide estimates of the surface slope distribution
of the planet and of the antenna characteristics of the lander,
compute combined losses as a function of planet rotation, and
include a copy of the computer listing for the particular
example given,

Garba, J. A.

GO1 A PARAMETRIC STUDY OF VARIATIONS IN WEIGHT
AND PERFORMANCE CHARACTERISTICS OF
LARGE-AREA SOLAR ARRAYS
Oliver, R. E., Garba, J. A., Hix, J. H.

Technical Report 32-1337, March 1, 1969
(Unclassified)

For abstract, see Oliver, R. E.

Gavin, T. R.

G02 QUALITY ASSURANCE MONITORING OF THE
MICROBIOLOGICAL ASPECTS OF THE STERILIZATION
ASSEMBLY DEVELOPMENT LABORATORY
Gavin, T. R., Redmann, G. H., Taylor, D. M.

Technical Report 32-1398, May 1, 1969
(Unclassified)

The Jet Propulsion Laboratory Sterilization Assembly De-
velopment Laboratory (SADL) program was initiated to
develop and optimize the techniques, facilities, and proce-
dures necessary for the assembly, test, microbiological mon-
itoring, and sterilization of a capsule system which would
satisfy NASA planetary quarantine constraints with minimum
effect on capsule reliability.

An important aspect of SADL was the development of the
Quality Assurance (QA) functions and procedures associated
with the required activities for the microbiological monitor-
ing of the capsule system, including sterility verification of
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material, the assay technique, certification of the facility, and
the monitoring of personnel activity in the facility.

The SADL QA program demonstrated that QA personnel
can play an effective role in monitoring microbiological oper-
ations by applying the same QA rationale used in their role
in a hardware program. In particular, the application of QA
methods identified the need for improvement in assay meth-
odology and techniques (as evidenced by a 0 to 30% varia-
tion in contamination of sterile samples over 16 repetitive
assemblies). In addition, the QA inspection reports identified
the procedural violations occurring during assembly which,
when reviewed, resulted in the identification of the probable
cause of 75% of the bic-burden buildup on the capsule.

Gayman, W. H.

G03 MEASUREMENT OF STRUCTURAL TRANSFER FUNCTIONS
SIGNIFICANT TO FLIGHT STABILITY OF
THE SURVEYOR SPACECRAFT
Gayman, W. H., Trubert, M. R. (Jet Propulsion Laboratory)
Abbott, P. W. (General Dynamics Corporation)
Technical Memorandum 33-389, May 1, 1969
(Unclassified)

In late 1966, the Jet Propulsion Laboratory conducted
experiments using the structural test model of the Surveyor
spacecraft to measure structural transfer functions significant
to flight stability during the terminal descent phase, This
technical memorandum describes the test program and the
methods used for data processing. Illustrative transfer func-
tions are presented as Bode plots. Suggestions are made for
a mode of closed-loop testing using shaping networks, power
amplifiers, and electrodynamic exciters to synthesize the
thrust-vectoring transfer functions.

Ginsberg, L. J.

G04 PERFORMANCE OF A MARS SOFT LANDER
WITH STAGED PROPULSION
Kelley, J. H., Ginsberg, L. J.
Technical Report 32-1311 (Unclassified)
(Reprinted from Journal of Spacecraft and Rockets,
Vol. 5, No. 7, pp. 774-780, July 1968)

For abstract, see Kelley, J. H.

Goldstein, R.

G05 NUMERICAL CALCULATIONS OF ELECTRON-—-ATOM
EXCITATION AND IONIZATION RATES
USING GRYZINSKI CROSS SECTIONS
Goldstein, R.
Technical Report 32-1372, March 1, 1969
(Unclassified)
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Electron—atom excitation and ionization rates were calcu-
lated numerically using Gryzinski classical cross-sections and
Maxwellian electron distributions. A simple analytical ex-
pression was obtained which represents the calculations within
+5% over the physically most important range of electron
temperatures and atomic parameters. Transition rates caleu-
lated from a linear approximation to the cross-sections are in
poorer agreement with the exact values than this analytical
expression.

Gonzalez, C. C.

G06 SOLAR PROTON FORECAST SYSTEM AND PROCEDURES
USED DURING THE MARINER V MISSION
Gonzalez, C. C., Divita, E. L.
Technical Report 32-1303, October 1, 1968
(Unclassified)

A solar forecasting system and forecasting procedures for
predicting the time of occurrence of solar proton events and
the associated time-integrated proton flux on a real-time basis
for the Mariner V mission are discussed. The solar forecast-
ing system utilizes solar activity data obtained from solar
observational networks and provided by the Space Disturb-
ance Forecast Center (SDFC) at Boulder, Colorado. Since
SDFC does not provide forecasts of proton events and their
sizes on a real-time basis, statistical methods are developed,
based on past solar cycle data, in order to use the solar activ-
ity data obtained on a real-time basis -in predicting proton
events and their sizes. The 2800-MHz radio burst energy is
correlated with time-integrated proton flux. In addition, pro-
cedures for receiving data, making forecasts, and reporting
the forecasts to the project on a real-time basis are described.
Statistical uncertainties in the prediction method and uncer-
tainties in the data are discussed, and their influence on the
value of the predictions is evaluated. A brief history of the
real-time forecasting of proton events using the method and
procedures is presented. Finally, recommendations are made
to improve forecasting techniques and forecast procedures
for reliable and timely warnings of pending solar proton
events and their sizes.

Gottlieb, P.

G07 A TELEVISION SCANNING SCHEME FOR A
DETECTOR-NOQISE-LIMITED SYSTEM
Gottlieb, P.
Technical Report 32-1291 (Unclassified)
(Reprinted from IEEE Transactions on Information Theory,
Vol. IT-14, No. 3, May 1968, pp. 428-433)

The signal-to-noise ratio at a single-element detector scan-
ning a television picture can be improved if the detector re-
ceives light from many picture elements simultaneously. This
report describes a scanning reticle, with transparent and
opaque elements chosen according to a binary biorthogonal
sequence, that will provide an exact reproduction in the same
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scanning time as a reticle scanning only one element at a time.
For general pictures, the proposed system will require greater
bandwidth, but for pictures consisting of only a few bright
spots, the bandwidth can actually be compressed. This system
provides a “quick look™ picture in less than the usual scanning
time, which is of particularly good fidelity if the original pic-
ture contains only a few bright spots.

Gram, M. B.

G08 DEVELOPMENT OF A CHEMICAL HEATER
FOR A MARS ROUGH-LANDING CAPSULE
Gram, M. B.

Technical Report 32-1343, December 15, 1968
(Unclassified)

This report describes preliminary work performed on one
version of a chemical heater, sized to provide one night of
survivability for a Mars rough lander. The effects of the impact
environment and heat sterilization requirement on the design
are discussed. The resulting chemical heater utilizes chlorine
trifluoride and boron reactants, weighs 3 Ib, and has a heat
yield of 1940 W-h,

Gronroos, H. G.

G09 A CONTROL SYSTEM STUDY FOR AN IN-CORE
THERMIONIC REACTOR
Weaver, L. E., Gronroos, H. G., Guppy, J. G., Davis, J. P.
Technical Report 32-1355, January 15, 1969
(Unclassified)

For abstract, see Weaver, L. E.

Guppy, d. G.

G10 A CONTROL SYSTEM STUDY FOR AN IN-CORE
THERMIONIC REACTOR
Weaver, L. E., Gronroos, H. G., Guppy, J. G., Davis, J. P.
Technical Report 32-1355, January 15, 1969
(Unclassified)

For abstract, see Weaver, L. E.

Harrell, J.

HO1 THE 10-FT SPACE SIMULATOR AT THE
JET PROPULSION LABORATORY
Alexander, W., Dyckman, L., Harrell, J., Nelson, W.,
Schaefle, W.
Technical Report 32-1231, Revision 1, January 15, 1969
(Unclassified)

For abstract, see Alexander, W.

Harstad, K. G.

HO2 TRANSPORT EQUATIONS FOR GASES AND PLASMAS
OBTAINED BY THE 13-MOMENT METHOD:
A SUMMARY
Harstad, K. G.
Technical Report 32-1318, October 1, 1968
(Unclassified)
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A summary of results obtained from 13-moment solutions
to the Boltzmann equations for a gas mixture is presented. The
simplifications that can be achieved when one of the compo-
nents has a small mass are discussed. A calculation of electron-—
atom collision parameters for noble gas atoms with Ramsauer
cross sections (A, Kr, Xe) is also given.

Hays, L. G. :
HO3 ANALYSIS OF A MULTISTAGE LIQUID-METAL
MAGNETOHYDRODYNAMIC POWER
CONVERSION CYCLE
Hays, L. G.
Technical Report 32-1371, April 1, 1969
(Unclassified)

A liquid-metal magnetohydrodynamic (MHD) power sys-
tem with power extraction at several stages in the expansion
process is discussed and analyzed. Cycle efficiency is shown
to improve from the 6% range for a single-stage 1800°F
system to the 10% range for a multistage 1800°F system,
Cycle efficiency at 2000°F is slightly lower but a smaller
radiator area is attainable than at 1800°F. The advantages
of lower liquid-metal velocities and MHD generator redun-
dancy are also possible in a multistage system.

Heacock, R. L.

HO4 LUNAR PHOTOGRAPHY: TECHNIQUES AND RESULTS
Heacock, R. L.
Technical Report 32-1277 (Unclassifiea)
(Reprinted from Space Science Reviews, Vol. 8,
D. Reidel Publishing Company, Dordrecht, Holland 1968,
pp. 214-257)

A primary tool in the exploration of the moon has been
photography. Due to the limitations imposed upon the various
missions, the photographic techniques used have involved
several specialized approaches. This report discusses these
various approaches, the missions on which they were used,
and the results which were achieved. The lack of detailed
information available on the Soviet systems has severely
limited the coverage of their efforts.

Heer, E.

HO5 ANALYSIS OF SPACE VEHICLE STRUCTURES USING
THE TRANSFER-FUNCTION CONCEPT
Heer, E., Trubert, M. R.
Technical Report 32-1367, April 1, 1969
(Unclassified)

In this report the concept of frequency transfer function
is used for the analysis of space vehicle structures. The
method of determining the dynamic response of a structural
system from the subsystems’ characteristics is reviewed and
explored for applications to space vehicle systems. The basic
problem is considered to be that of joining together and
determining the dynamic response of a number of subsystems
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that may be excited by deterministic and/or stationary
random multiple inputs. The subsystems may represent, for
instance, a launch vehicle, a spacecraft, an entry capsule, and
a lander system, They may also represent a structure under
test and a system of shakers that substantially influence the
experimental results during dynamic testing, the effects of
which are to be eliminated so that the true transfer functions
can be obtained. The specific objectives of this report are to
present a unifying and general picture of the transfer-function
technique and to illustrate with a number of examples its
practical utility in actual situations as they have been
encountered at the Jet Propulsion Laboratory.

HO6 RECEPTANCE COUPLING OF STRUCTURAL
COMPONENTS NEAR A COMPONENT
RESONANCE FREQUENCY
Lutes, L. D., Heer, E.

Technical Memorandum 33-411, October 15, 1968
(Unclassified)

For abstract, see Lutes, L. D.

Hibbs, A. R.

HO7 LUNAR EXPLORATION: THE IMPACT OF RANGER
AND SURVEYOR RESULTS
Stewart, H. J., Hibbs, A. R,, Conel, J. E., Rindfleisch, T.
Technical Report 32-1399 (Unclassified)
(Reprinted from Astronautics and Aeronautics, Vol. 7,
No. 1, January 1969)

For abstract, see Stewart, H. J.

Hicks, W. W.

HO8 DOCUMENTATION OF WIRING HARNESSES BY USE
OF PUNCHED-CARD TECHNIQUES
Kloezeman, W. G., Hicks, W. W.
Technical Report 32-1326, October 15, 1968
(Unclassified)

For abstract, see Kloezeman, W. G.

Higa, W.

HO9 THE ULTRA CONE: AN ULTRA-LOW-NOISE SPACE
COMMUNICATION GROUND RADIO-FREQUENCY
SYSTEM
Levy, G. S., Bathker, D. A., Higa, W., Stelzried, C. T.
Technical Report 32-1340 (Unclassified)

(Reprinted from IEEE Transactions on Microwave Theory
and Techniques, Vol. MTT-16, No. 9, pp. 596-602,
September 1968)

For abstract, see Levy, G, S.
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Hix, J. H.

H10 A PARAMETRIC STUDY OF VARIATIONS IN WEIGHT
AND PERFORMANCE CHARACTERISTICS OF
LARGE-AREA SOLAR ARRAYS
Oliver, R. E., Garba, J. A., Hix, J. H.

Technical Report 32-1337, March 1, 1969
(Unclassified)

For abstract, see Oliver, R. E.

Horton, T. E.

H11 A PROGRAM FOR COMPUTING SHOCK-TUBE
GASDYNAMIC PROPERTIES
Horton, T. E., Menard, W. A.
Technical Report 32-1350, January 15, 1969
(Unclassified)

A computer program for calculating the chemical equi-
librium properties associated with moving, standing, and
reflected normal shocks has been developed. The program
calculates thermodynamic properties and chemical composi-
tion from basic spectroscopic data. Both dissociation and
ionization over an unlimited temperature range can be con-
sidered. The chemical equilibrium and composition equations
are developed from statistical mechanics, and the procedure
for solving the coupled equilibrium and normal shock equa-
tions is presented. Flow diagrams, operating instructions, and
listings of the program and input data are included. The
program can treat initial mixtures consisting of up to ten
gases. In this report, input data are listed for 66 species which
are composed of carbon, nitrogen, oxygen, hydrogen, argon,
neon, and helium.

Houseman, J.

H12 CRITERIA FOR SEPARATION OF IMPINGING STREAMS
OF HYPERGOLIC PROPELLANTS
Kushida, R., Houseman, J.
Technical Memorandum 33-395, July 15, 1968
(Unclassified)

For abstract, see Kushida, R.

Jaffe, P.

JO1 ENTRY DYNAMICS OF A SPINNING VEHICLE
Prislin, R. H., Jaffe, P.
Technical Memorandum 33-398, August 15, 1968
(Unclassified)

For abstract, see Prislin, R. H.

Jet Propulsion Laboratory

Jo2 PROCEEDINGS OF THE 3RD AEROSPACE
MECHANISMS SYMPOSIUM
Jet Propulsion Laboratory
Technical Memorandum 33-382, October 1, 1968
(Unclassified)
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The 3rd Aerospace Mechanisms Symposium was held at
the Jet Propulsion Laboratory, California Institute of
Technology, on May 23-24, 1968. It was sponsored by the
University of Santa Clara, Lockheed Missiles and Space Com-
pany, and the Jet Propulsion Laboratory. The symposium
brought together approximately 300 representatives from 68
organizations concerned with the use of mechanisms in space;
the attendees came from many areas of the United States
and Canada, representing industry, universities, and various
government agencies.

JO3 PROCEEDINGS OF THE SPACECRAFT ELECTROMAGNETIC
INTERFERENCE WORKSHOP
Jet Propulsion Laboratory
Technical Memorandum 33-402, December 15, 1968
(Unclassified)

A Spacecraft Electromagnetic Interference Workshop was
held at JPL during February 6-8, 1968, to permit an ex-
change of ideas and experiences peculiar to the design, inte-
gration, testing, and operation of spacecraft. Presentations
at the workshop by spacecraft and launch-vehicle engineers
and experimenters revealed a disparity among the various
concepts of spacecraft electromagnetic interference.

For the majority of the papers presented, formal manu-
scripts were furnished for publication in the proceedings. The
other presentations were obtained from recordings made at
the workshop. Similarly, supplemental remarks made by the
various authors and the questions and discussions from the
audience have been extracted from these recordings for
publication.

Kalfayan, S. H.

K01 STUDIES ON ETHYLENE OXIDE-FREON 12
DECONTAMINATION AND DRY-HEAT
STERILIZATION CYCLES
Kalfayan, S. H., Silver, R. H., Campbell, B. A.
Technical Report 32-1310, August 15, 1968
(Unclassified)

Several problems related to the ethylene oxide-Freon 12
decontamination process were investigated, including: (1)
the quantitative estimation of the ethylene oxide concentra-
tion in the decontamination chamber, (2) the possibility of
reaction between the gases present in the decontamination
chamber, (3) the establishment of adequate air-flushing peri-
ods to dissipate the absorbed sterilant gases from the materials,
and (4) the determination of moisture content, Results show
that (1) gas.chromatography can be employed as an analytical
method for the quantitative estimation of ethylene oxide, with
fairly good accuracy, (2) ethylene glycol and small amounts
of HCl are formed in the decontamination chamber, (3) air-
flushing periods should be extended to 8 h or more for the
effective dissipation of absorbed sterilant gases, and (4) none
of the commercial moisture-sensing instruments are satisfactory
for determining the relative humidity in an atmosphere of
ethylene oxide-Freon 12.
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The effect of various dry-heat sterilization cycles on a
selected number of polymeric materials was also investigated,
and the results were compared with those obtained for dry-
heat sterilization set forth in the JPL specification. Indications
were that polymeric materials exposed to higher temperatures
for shorter periods (155°C for 240 h) were more affected than
by exposure to lower temperatures for longer periods (105°C
for 3600 h) Polymeric materials of known heat resistance were
not so affected. Also, the presence of small quantities of
oxygen(0.45% ) in the dry-heat sterilization chamber did not
significantly affect the property changes of the exposed poly-
meric materials.

Keeler, L. H.

K02 ELECTROMAGNETIC INTERFERENCE ASPECTS OF
INTEGRATING A UHF/VHF RECEIVER ONBOARD
MARINER V
Case, R. K., Keeler, L. H.

Technical Report 32-1315, November 1, 1968
(Unclassified)

For abstract, see Case, R. K.

Kelley, J. H.

K03 PERFORMANCE OF A MARS SOFT LANDER
WITH STAGED PROPULSION
Kelley, J. H., Ginsberg, L. J.
Technical Report 32-1311 (Unclassified)
(Reprinted from Journal of Spacecraff and Rockets,
Vol. 5, No. 7, pp. 774-780, July 1968)

A parametric study was conducted to determine the per-
formance of a Mars soft lander utilizing two distinet thrust
levels during the terminal phase of an out-of-orbit entry, The
analysis is applicable to a vehicle descending along a trajectory
governed by a gravity turn maneuver., With the residual landed
fraction as the performance criterion, the superiority of the
dual thrust-level concept as compared to single thrust-level
model was demonstrated and tabulated. Entry conditions,
atmospheric profile, ballistic coefficient, thrust levels, and entry
mass were the variables used in determining optimum ignition
altitudes for both the single and dual thrust-level systems.
Although a solid-propellant motor ‘was used in this investiga-
tion, the dual thrust-level concept is by no means constrained to
such application. The mathematical structure requires only a
discontinuity in the thrust level without regard to its source.

Kerner, T.

K04 GRAVITY-GRADIENT EFFECTS ON AN
ATTITUDE-CONTROLLED SATELLITE
Kerner, T.
Technical Memorandum 33-409, October 15, 1968
(Unclassified)

A spacecraft orbiting about a planet is normally subject to
torques caused by gravity-gradient effects. Studies of missions
involving orbiting spacecraft require that these torques be
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analytically described. This report describes a derivation that
results in expressions to describe these torques. The gas weight
required to offset these torques for a Mariner-type attitude-
controlled spacecraft is also derived; the results are directly
applicable to Mariner Mars 1971 gas budget sizing.

Kerr, W. R.

KO5 BASE PRESSURE DISTRIBUTION OF TWO BLUNTED
CONES AT MACH NUMBERS FROM 0.3 TO 0.8
AND 1.81 TO 3.51
Kurtz, D. W., Kerr, W. R.
Technical Memorandum 33-403, October 15, 1968
(Unclassified)

For abstract, see Kurtz, D. W.

Kirk, D. E.

K06 A PATH-FINDING ALGORITHM FOR AN UNMANNED
ROVING VEHICLE
Kirk, D. E.
Technical Report 32-1369, May 15, 1969
(Unclassified)

Plans for future space missions include an unmanned
roving vehicle designed to explore the Martian surface.
Because of the long transit times required for the transmission
of TV information from Mars to earth, control of the vehicle
by an earth-based operator viewing a TV picture of the
terrain is not feasible. As a result, the vehicle is to be con-
trolled by an on-board computer. This report discusses a
proposed routing algorithm which utilizes gross terrain
information to determine a nominal optimal path from some
initial point to a specified destination.

Kizner, W.

K07 OPTIMAL NONLINEAR ESTIMATION BASED ON
ORTHOGONAL EXPANSIONS
Kizner, W.
Technical Report 32-1366, April 15, 1969
(Unclassified)

This report is concerned with the statistical optimal esti-
mation of parameters x of nonlinear systems. If a quadratic
loss function is used, then the conditional mean of x, given
the observations and @ priori information, is used. The
conditional mean is calculated using an n-dimensional
Gram~Charlier expansion of the a posteriori probability
density function. A numerical method for finding this dis-
tribution is given, and some of its properties are discussed,
including the case for which the method is optimal.

If a more general kind of loss function is used and a
mean-square approximation to the a posteriori probability
density function is desired, a Hermite function expaunsion
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which converges in the mean square is employed. Again,
numerical methods are given for finding the coefficients of
the expansion, and the optimality of this other procedure
is discussed.

Kloezeman, W. G.

K08 DOCUMENTATION OF WIRING HARNESSES BY USE
OF PUNCHED-CARD TECHNIQUES
Kloezeman, W. G., Hicks, W, W,
Technical Report 32-1326, October 15, 1968
(Unclassified)

This report discusses a technique for using a punched-card
printer to produce wiring harness documentation. A format
for punching the required information on the cards and a
method for sorting the resulting cards in preparation for print-
ing are covered, Also, the printing format and the wiring of
the printer control panel are discussed.

Knoell, A. C.

K09 LANDING DYNAMICS PROGRAM FOR AXISYMMETRIC
IMPACT ATTENUATING VEHICLES (LANDIT)
Knoell, A. C.
Technical Report 32-1341, November 15, 1968
(Unclassified)

A computer program is described that predicts the dyna-
mic landing response characteristics of axisymmetric impact
attenuating vehicles consisting of a rigid payload and a crush-
able impact limiter system. The program is based on the solu-
tion of a planar landing dynamics problem considering
vehicle impacts against plane unyielding surfaces, Initial
conditions that must be provided include impact velocity
vector, touchdown angle, vehicle pitch rate, surface slope,
and coefficient of friction.

K10 A MATERIALS-DESIGN SYNTHESIS FOR OPTIMUM DESIGN
OF SPACECRAFT ENERGY-DISSIPATING SYSTEMS
Knoell, A. C.
Technical Report 32-1346 (Unclassified)
(Reprinted from Journal of Spacecraft and Rockets,
Vol. 5, No. 10, pp. 1170—1174, October 1968)

The statement and mathematical formulation of the ex-
tremum problem associated with the optimum design of space-
craft impact limiters (payload plus energy dissipator) are
presented. Methods of solution are discussed and a semi-
geometric solution is given. It is shown that, in general, a
practical rather than a true maximum for the objective func-
tion, developed as the payload fraction, exists in the solution
domain. In developing the practical maximum, it is shown
that energy dissipators having high specific energy capacities
(energy dissipated per pound of material) are best suited for
achieving an optimum system design.
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Koerner, M. A.

K11 EFFECT OF INTERFERENCE ON A BINARY
COMMUNICATION CHANNEL USING KNOWN SIGNALS
Koerner, M. A.

Technical Report 32-1281, December 1, 1968
(Unclassified)

This report presents the results of an analysis of the effects
of sinusodial and gaussian interference on the performance
of the maximum-likelihood receiver for extracting binary data
from a sequence of messages in white gaussian noise when
each signal has duration T and is chosen with equal a priori
probability from a dictionary of two messages. The report
presents equations for the receiver error probability and the
receiver degradation as a function of the parameters )\ and 5
or & Graphs are included which show the behavior of the
receiver error probability and the receiver degradation as a
function of 10 log A and 10 log 4 or 10 log £ Equations are
presented which relate the parameters A, 5, and ¢ to the basic
parameters of the signal, interference, and noise. Finally,
comparison is made of the effect of a sinusoidal interfering
signal with that of a gaussian interfering signal. The compari-
son shows that for small values of A and 5 or £, the degradation
produced by sinusoidal interference is close to that produced
by gaussian interference. However, the approximation is not
valid for large A or large 5 or &.

Kopf, E. H.

Ki2 A MARINER ORBITER AUTOPILOT DESIGN
Kopf, E. H.
Technical Report 32-1349, January 15, 1969
(Unclassified)

An autopilot for a planetary orbiter is described. Autopilot
design problems and parameters, and autopilot/spacecraft
interfaces are defined.

Kurtz, D. W,

K13 BASE PRESSURE DISTRIBUTION OF TWO BLUNTED
CONES AT MACH NUMBERS FROM 0.3 TO 0.8
AND 1.81 TO 3.51
Kurtz, D. W., Kerr, W. R.
Technical Memorandum 33-403, October 15, 1968
(Unclassified)

To determine the detailed base pressure distribution on two
blunted cones, a wind tunnel test was conducted in the JPL
supersonic wind tunnel. The two models, a 60-deg half-angle
cone and a 45-deg half-angle cone, were investigated through
a Mach number range of 0.3 to 0.8 and 1.81 to 3.51 at angles
of attack of 0 to 20 deg. The subsonic wake shape and base
pressure were highly insensitive to body shape and angle of
attack changes in the range investigated. At supersonic Mach
numbers, the base pressure was a distinct function of the wake-
neck diameter, which decreased with increasing Mach num-
ber. The Reynolds number had a distinct influence on the
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viscous mixing and wake boundary layer. In the transition
region from laminar to turbulent wake, an increase in the
Reynolds number resulted in a reduction in the base pressure
ratio.

K14 DETAILED PRESSURE DISTRIBUTION ON A
BLUNTED 60-deg HALF-ANGLE CONE AT
MACH NUMBERS OF 6.08 AND 9.46
Kurtz, D. W.
Technical Memorandum 33-404, September 1, 1968
(Unclassified)

An investigation of the detailed pressure distribution on a
spherically blunted 60-deg half-angle cone was conducted in
the hypersonic wind tunnel at JPL., Tests indicated that
the pressure coefficient distribution over the surface seemed
to be almost independent of Mach number at Mach numbers
of 6.08 and 9.46. At both Mach numbers, the nose pressure
remained within a band of 3% through angles of attack from
0 to 6 deg. Beyond 2 deg, the displacement of the stagnation
point from the longitudinal bedy axis was not a linear func-
tion of angle of attack. Although base pressures were meas-
ured, they are not included because support interference
yielded questionable data.

Kushida, R.

K15 THEORY OF LAMINAR FLAMES IN STAGNATION FLOWS
Kushida, R.
Technical Report 32-1261, July 15, 1968
(Unclassified)

The theory of laminar flames sustained in a burner where
combustibles are injected through two parallel, opposed
porous walls is considered. For steady flow at low Mach
numbers, similar solutions of the type found applicable to
stagnation flow permit the reduction of the general equations
of change to a set of one-dimensional equations. The classic
one-dimensional flame equations of Hirschfelder are obtained
in a limiting case where the rate of injection from one surface
is just equal to the rate of suction at the other surface.

Several examples of combustion experiments done in an
apparatus which seems to approximate the ideal configura-
tion have been previously reported. The flat flame diffusion
burner of Pandya and Weinberg was the prototype burner on
which the analysis was based. Several other burners not
previously recognized to exhibit similar sclutions are pointed
out, One example is the premixed flat flame burner in which
there is flow divergence because of a screen or flat plate
placed in the burnt gas flow. The experiments of Schultz
where solid pellets are vaporized by pressing against a hot
plate can be analyzed by this technique.

K16 CRITERIA FOR SEPARATION OF IMPINGING STREAMS
OF HYPERGOLIC PROPELLANTS
Kushida, R., Houseman, J.
Technical Memorandum 33-395, July 15, 1968
(Unclassified)
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Two theoretical models of stream separation in impinging
unlike doublets are advanced. These models are comple-
mentary, in that one applies at low pressure and the other at
relatively higher pressures. The first model is based on the
attainment of the bubble-point temperature at the stagnation
point of the jets. In the second model, for higher pressures,
the gas phase reactions become so rapid that an insulating gas
film can be formed between the two impinging liquid jets,
preventing any contact between liquid phases.

Using available data on rates of reaction for the N:O.—N-H.
propellant combination, estimates of the region where stream
separation would or would not occur have been made. Curves
based on the bubble-point limitation depend strongly on the
variation of vapor pressure with propellant feed temperature.
The gas film model exhibits no such dependence. The —3/2
power dependence on pressure of this latter model is due
to the sensitivity of gas phase reactions to pressure. The
theory is equally applicable to round jet and to flat sheet
injector elements. The experimental data obtained at JPL
appear to correlate with the theory, in that the smaller-
diameter injectors (less than 0.02 in.) show no stream
separation, but the larger ones (greater than 0.06 in.) do.

Labrum, R. G.

LOT1 THE SURVEYOR ill AND SURVEYOR IV FLIGHT PATHS
AND THEIR DETERMINATION FROM TRACKING DATA
O'Neil, W. J., Labrum, R. G., Wong, S. K.,

Reynolds, G. W.
Technical Report 32-1292, August 15, 1968
(Unclassified)

For abstract, see O'Neil, W, J.

L02 THE SURVEYOR V, VI, AND VII FLIGHT PATHS AND
THEIR DETERMINATION FROM TRACKING DATA
Labrum, R. G., Wong, S. K., Reynolds, G. W.

Technical Report 32-1302, December 1, 1968
(Unclassified)

To determine the current best estimates of the Surveyor V,
Surveyor VI, and Surveyor VII flight paths, tracking data
from DSSs 11, 42, 51, 61, and 72 were analyzed. Significant
blocks of bad data were detected and eliminated from the
final solutions. Various combinations of parameters were esti-
mated to achieve the best possible fit of the data with realistic
orbit parameters. The current best estimates indicate that
Surveyors V, VI, and VII landed 31.7, 6.9, and 4.2 km,
respectively, from their final aim points. Landed locations
estimated by analysis of post-touchdown data and Lunar
Orbiter photographs are also presented for comparison. Deep
space station locations, GMg, and GM were determined from
Surveyor tracking data and agree quite well with the solutions
obtained from analysis of Ranger data. JPL postflight analysis
of AFETR tracking data supplied during the near-earth
phase of the Surveyor missions confirms the adequacy of the
inflight solutions provided.
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Lardenoif, V. F.

103 APPLICATION OF ELECTRON AND LASER BEAMS
TO SPACECRAFT ELECTRONIC JOINING
Lardenoit, V. F,
Technical Memorandum 33-396, September 15, 1968
(Unclassified)

A survey was made of electron beam and laser techniques
as applicable to spacecraft-electronic joining, A brief descrip-
tion is presented, of conventional and advanced joining tech-
niques requiring contact between the parts to be joined and
the joining equipment, for comparison to focused energy de-
vices that do not require contact, Advantages and disadvan-
tages of the laser and electron-beam devices are discussed, as
is device operation.

Results of evaluation tests as well as typical applications for
both laser and electron beam welders are presented. Certain
data and applications were not available due to their pro-
prietary nature. The information was obtained through liter-
ature reviews and discussions with manufacturers and users
of these devices. New developments and required improve-
ments are also briefly discussed.

Lecoq, P. E.

104 A COMPUTER PROGRAM FOR SIMPLIFYING IN-
COMPLETELY SPECIFIED SEQUENTIAL MACHINES
USING THE PAULL AND UNGER TECHNIQUE
Ebersole, M. M., Lecoq, P. E. i
Technical Report 32-997, November 15, 1968
(Unclassified)

For abstract, see Ebersole, M, M.

Le Croissefte, D. H.

105 THE SCIENTIFIC INSTRUMENTS ON SURVEYOR
Le Croissette, D, H.
Technical Report 32-1358 (Unclassified)
(Reprinted from IEEE Transactions on Aerospace and
Electronic Systems, Vol. AES-5, No. 1, pp. 2-21,
January 1969)

The Surveyor Program of the National Aeronautics and
Space Administration successfully soft-landed five spacecraft
on the surface of the moon between June 2, 1966, and Jan-
uary 10, 1968, Three scientific instruments were developed
specifically for this program and were carried by one or more
spacecraft to the lunar surface. A 600-line television camera
was used on all five spacecraft and returned nearly 90,000
pictures from the moon. An alpha-scattering instrument,
designed for this program, was successfully operated on the
lunar surface to give the first elemental analysis of the lunar
topsoil. This instrument was carried on three spacecraft and
made an analysis of six lunar samples. A surface sampler was
also mounted on two of the spacecraft and was used to ma-
nipulate the moon’s surface, allowing the first estimate to be
made of the mechanical properties of the top few inches of
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lunar surface. This paper describes each of the three instru-
ments and assesses their capabilities, An outline of their
operation on the lunar surface is also given.

Lesh, H. F.

L06 DETERMINATION OF INTERPLANETARY TRAJECTORIES
lesh, H. F.
Technical Memorandum 33-414, November 1, 1968
(Unclassified)

This document ‘presents in the simplest possible language
the fundamental ideas involved in calculating the flight paths
of lunar and planetary spacecraft, The mathematics are kept
relatively simple and complex ideas are clarified by the use
of diagrams. The memorandum will be useful to the techni-
cally educated person who wants to understand basic tra-
jectory theory.

Levy, G.S.

107 THE ULTRA CONE: AN ULTRA-LOW-NOISE SPACE
COMMUNICATION GROUND RADIO-FREQUENCY
SYSTEM
Levy, G. 8., Bathker, D. A., Higa, W., Stelzried, C. T.
Technical Report 32-1340 (Unclassified)

(Reprinted from IEEE Transactions on Microwave Theory
and Techniques, Vol. MTT-16, No. 9, pp. 596602,
September, 1968)

Maximum sensitivity was required for the reception of the
signals of Mariner V as it was occulted by the planet Venus. To
meet this requirement, an ultra-low-noise front end (S-band
cassegrain feed cone: ultra cone) was developed for an 85-ft
antenna of the JPL/NASA Deep Space Instrumentation Fa-
cility. The cone structure contained a feed horn, polarizer,
maser, closed-cycle cryostat, and appropriate transmission
line and calibration equipment. The overall low-noise system
consisted of an 85-ft antenna with a cassegrain feed, low-
noise transmission line components, and closed-cycle refrig-
erated maser amplifier. The antenna (at zenith), transmission
line, and maser contributed about 9, 2, and 5°K, respectively,
for a total operating noise temperature of approximately
16°K. The antenna feed, maser system, and calibration tech-
niques are described in detail.

Lim, LY.

108 A PATHFINDING ALGORITHM FOR A MYOPIC ROBOT
Lim, L. Y.
Technical Report 32-1288, August 1, 1968
(Unclassified)

A pathfinding algorithm has been developed for an auto-
nomous myopic roving vehicle, With the assumption that a
path exists between two points, two propositions are proved.
Proposition 1 is concerned with no obstacles and proposition
2 is concerned with at least one obstacle. Various conditions
are established and terms defined. Three algorithms neces-
sary to direct the robot are main, left scan, and right scan.
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The decisions for the navigation, control, and obstacle avoid-
ance of the rover are based mainly on myopic (local) in-
formation of the terrain. The use of gaussian depsity functions
to simulate topography is considered to be novel. A Fortran
IV computer program was written to implement the path-
finding algorithm, and the results of the computer-program
runs were satisfactory.

Lindsey, W. C,

L09 SUBCARRIER TRACKING METHODS AND
COMMUNICATION SYSTEM DESIGN
Didday, R. L., Lindsey, W. C.
Technical Report 32-1317 (Unclassified)
(Reprinted from [EEE Transactions on Communication
Technology, Vol. COM-16, No. 4, pp. 541-550,
August 1968)

For abstract, see Didday, R. L.

Liv, A. S.

L10 THE RANGER IX FLIGHT PATH AND ITS
DETERMINATION FROM TRACKING DATA
Vegos, C. J., Borncamp, F., Liu, A. S.
Piaggi, E. G., Trask, D. W., Wallace, R. A,
Technical Report 32-767, November 1, 1968
(Unclassified)

For abstract, see Vegos, C. J.

Locke, J. R.

111 COMPUTER-AIDED ANALYSIS OF A PEAK DETECTOR
AND ANALOG-TO-PULSE-WIDTH CONVERTER
Overbey, J. L., Locke, J. R.

Technical Memorandum 33-401, March 15, 1969
(Unclassified)

For abstract, see Overbey, J. L.

Lorell, J.

L12 LUNAR ORBITER GRAVITY ANALYSIS
Lorell, J.
Technical Report 32-1387, June 15, 1969
(Unclassified)

This report presents the results to date of the JPL effort at
analyzing the tracking data from the five Lunar Orbiter
spacecraft, Emphasis is placed on the long-arc evaluation,
toward which most of the work was directed, rather than on
mascon analysis, which will be reported separately.

The model of the moon’s gravity field that has been derived
from the long-arc analysis is interpreted in terms of the
moon’s mass distribution. The results are evaluated from the
point of view of consistency and of statistical significance.
In particular, the various factors contributing to the un-
certainty in the estimation process are discussed.
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Loucks, R. E.

L13 POWER SYSTEM DESIGN FOR A JUPITER SOLAR
ELECTRIC PROPULSION SPACECRAFT
Truscello, V. (Jet Propulsion Laboratory)
Loucks, R. E. (TRW Systems)
Technical Report 32-1347, October 15, 1968
(Unclassified)

For abstract, see Truscello, V.

Lutes, L. D.

L14 RECEPTANCE COUPLING OF STRUCTURAL
COMPONENTS NEAR A COMPONENT
RESONANCE FREQUENCY
Lutes, L. D., Heer, E.

Technical Memorandum 33-411, October 15, 1968
(Unclassified)

The receptance matrix of a coupled system is derived in
terms of the receptance properties of the individual com-
ponent systems and coupling links. It is then shown that the
resulting matrix equation may give quite inaccurate results
near a resonance frequency of an individual component sys-
tem where the receptance matrices for that component have
large, nearly parallel columns. A formulation of the prob-
lem is given in terms of matrices with the large, parallel parts
of the columns removed, thus avoiding the inaccuracy diffi-
culty with very little additional computation. The formulation
is valid for systems with damping, since all receptance terms
are treated as complex numbers.

Mackin, R. J., Jr.

MO1 SCIENTIFIC QUESTIONS FOR THE EXPLORATION
OF THE TERRESTRIAL PLANETS AND JUPITER.
A PROGRESS REPORT OF THE ADVANCED
PLANETARY MISSIONS TECHNOLOGY PROGRAM
Mackin, R. J., Jr., et al.
Technical Memorandum 33-410, October 1, 1968
(Unclassified)

This report is one of a series directed toward providing a
scientific basis for priority ordering of experiments for plane-
tary missions in the 1970s. The approach is evaluated of the
potential of experiments and missions for answering questions
bearing on the key scientific goals of the planetary program,
viz understanding the origin and evolution of the solar system
and the distribution and role of life in the solar system. A prior
document developed a list of general questions whose answers
would give the key to the course of solar system history at
crucial points.

The present report lists the questions concerning each in-
dividual planet which bear upon the more general questions
or upon similar questions concerning life. For orientation, the
chapter on each planet begins with a resume of the current
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state of knowledge of that planet. This is followed by a projec-
tion of some of the advances in knowledge expected by 1971.
Finally, a list of questions on the planet is presented, each with
remarks on the implications of the question and with a dis-
cussion of the types of experiments that will contribute toward
answering the question. Several Appendixes treat topics con-
sidered worthy of some amplification.

Mariner Venus 67 Project

MO2 MARINER VENUS 67 FINAL PROJECT REPORT:
VOLUME I. LAUNCH THROUGH MIDCOURSE MANEUVER
Mariner Venus 67 Project
Technical Report 32-1203, June 15, 1968
(Unclassified)

This document covers the launch through the midcourse
maneuver of Mariner V, the flight spaceeraft of the Mariner
Venus 67 project. Included in this document are a brief
history of Mariner projects, the project objectives of Mariner
Venus 67, and the mission description and characteristics
of the Mariner Venus 67 project. Also included are sections
on the overall project organization and management, the
flight path analysis and mission planning, the spacecraft
system, the launch vehicle integration, the mission operations
system, and the mission-analysis preparations and activities
during countdown and launch.

MO3 MARINER VENUS 67 FINAL PROJECT REPORT:
VOLUME II. MIDCOURSE MANEUVER THROUGH END
OF MISSION
Mariner Venus 67 Project
Technical Report 32-1203, May 1, 1969
(Unclassified)

Volume 1 of this report described the Mariner Venus 67
mission from launch to the midcourse maneuver; in this
volume, mission planning, operations, and performance are
discussed from the midcourse maneuver {which was com-
manded at 03:00 GMT on June 19, 1967) to the project-
defined end of mission (Phase I) on December 1, 1967.
Recommendations for modifications affecting organization,
software, etc., are included for possible use on future space
missions of a similar type.

M0O4 MARINER VENUS 67 EXTENSION: FINAL PROJECT
REPORT
Mariner Venus 67 Project
Technical Memorandum 33-421, June 15, 1969
(Unclassified)

This technical memorandum describes the plans and
activities undertaken to achieve the objectives of the Mariner
Venus 67 Extension Project. Acquisition attempts for a
nominal spacecraft were started on April 26, 1968; five such
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attempts were made with no results. A successful reacqui-
sition was accomplished on October 14, 1968; however, the
spacecraft exhibited anomalous behavior in both signal
strength and stability. The techniques and procedures used in
each acquisition attempt are discussed in this memorandum,
as are all possible failure modes of a catastrophic and non-
catastrophie nature that might have led to the anomalous
behavior of Mariner V.

Martin, D. P.

MO5 MARINER V DUAL-FREQUENCY RECEIVER
Mariin, D. P.
Technical Report 32-1375, April 15, 1969
(Unclassified)

This report summarizes the development and performance
of the dual-frequency receiver (DFR), an instrument which
was used in one of the science experiments on the Mariner V
mission to Venus. The objective of the experiment was to
measure the effects of the atmosphere of Venus on the radio
waves received by the DFR as the spacecraft occulted the
planet. The experiment’s method and equipment are de-
scribed, the development tests and some of the problems
encountered are discussed, and the flight performance is
summarized.

Masek, T. D.

M06 EXPERIMENTAL STUDIES WITH A MERCURY
BOMBARDMENT THRUSTOR SYSTEM
Masek, T. D.

Technical Report 32-1280, July 15, 1968
(Unclassified)

Tests performed with a mercury-electron-bombardment ion
engine system are discussed in this report. The total assembly
is composed of four 2.5-kW thrustors, individual isolated
feed systems, and two 200-b capacity propellant tankage
systems. The thrustors, nominally 20 cm in diam, utilize a
reverse-feed propellant introduction method, electromagnets,
and oxide cathodes. The propellant tankage uses a neoprene
expulsion bladder pressurized by Freon. Preliminary tests
showed that all components operated satisfactorily and a
system power-to-thrust ratio of about 120 kW/lb was
achieved at about 3500 s, specific impulse. These experiments
show that with modest optimization, a basic propulsion system
design would be suitable for advanced system development.

Massier, P. F.

MO7 HEAT-TRANSFER MEASUREMENTS IN THE
SHOCK-INDUCED FLOW SEPARATION REGION IN A
SUPERSONIC NOZZLE
Back, L. H., Massier, P. F., Cuffel, R. F.

Technical Report 32-1278 (Unclassified)
(Reprinted from AIAA Journal, Vol 6, No. 5, May 1968,
pp. 923-925)

For abstract, see Back, L. H,
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McKown, P. M.

M08 A METHOD FOR CALCULATING STEADY-STATE
THRUST AND FLOW-RATE LEVELS FOR
MARINER IV TYPE ATTITUDE
CONTROL NITROGEN GAS JETS
Ferrera, J. D., McKown, P. M.

Technical Report 32-1353, December 1, 1968
(Unclassified)

For abstract, see Ferrera, J. D.

Melbourne, W. G.

M09 CONSTANTS AND RELATED INFORMATION FOR
ASTRODYNAMIC CALCULATIONS, 1968
Melbourne, W. G., Mulholland, J. D.

Sjogren, W. L., Sturms, F. M., Jr.
Technical Report 32-1306, July 15, 1968
(Unclassified)

The principal constants and related information used in
space trajectory and navigation calculations are discussed.
The values of these constants presently adopted at JPL are
described and estimates of their accuracy are provided.

Menard, W. A.

M10 A PROGRAM FOR COMPUTING SHOCK-TUBE
GASDYNAMIC PROPERTIES
Horton, T. E., Menard, W. A.
Technical Report 32-1350, January 15, 1969
(Unclassified)

For abstract, see Horton, T. E.

Metzger, A. E.

MI11 PERFORMANCE OF A BREADBOARD ELECTRONICS
SYSTEM DEVELOPED FOR A LUNAR ORBITER
GAMMA RAY SPECTROMETER
Metzger, A. E.

Technical Report 32-1297, October 1, 1968
(Unclassified)

An electronics system intended to be part of a remote-sensing
gamma ray spectrometer has been designed and constructed.
This report describes the system and a series of evaluation tests
performed on the breadboard model. Results of the test pro-
gram have been satisfactory.

Moss, R.

M12 EFFECTS OF ENVIRONMENTAL EXPOSURES
ON SILICON SOLAR CELLS
Moss, R.,-Berman, P.
Technical Report 32-1362, January 15, 1969
(Unclassified) ’

A series of environmental tests was performed on batches
of silicon solar cells having titanium-silver contacts, with and
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without solder coating, to determine the effects of these en-
vironments on ‘the mechanical and electrical properties of
the cells. Cells with solder coating exhibited the largest elec-
trical and mechanical degradations after exposure to a series
of five thermal cycles from +135 to —196°C while cells
without solder coating exhibited the largest mechanical degra-
dations after a 36-h exposure at 145°C, This latter exposure,
however, did not result in significant electrical degradation.
Thus, the presence of solder coating on solar cells can have a
protective or deleterious effect, depending upon the environ-
ment. It was observed that either solder-coated or non-solder-
coated cells were capable of surviving all the environmental
tests with essentially no degradation, indicating that problems
were in the process controls rather than in the basic cell
process. Analysis indicated that, in the case of solder-coated
cells, the major problem was in the control of solder thick-
ness and uniformity. In the case of non-solder-coated cells,
the major problem area was not identified; however, it is
postulated that more than one mechanism is operating since
it was not possible to correlate electrical degradation with
contact pull-strength degradation.

Mulholland, J. D.

M13 GRAVITATIONAL INCONSISTENCY IN THE LUNAR
THEORY: NUMERICAL DETERMINATION
Mulholland, J. D., Devine, C. J.

Technical Report 32-1290, Part | (Unclassified)
(Reprinted from Science, Vol. 160, May 24, 1968,
pp. 874-875)

Preliminary numerical integrations of the lunar motion indi-
cate that defects in the lunar ephemeris, due to omissions in
the revised Brown lunar theory, produce errors of the order
of several hundred m in the coordinates at certain times. Such
errors are large enough to adversely affect analyses of data
from spacecraft, as well as determination of ephemeris time.
Distinct planetary periodicities seem to appear in the residuals.

M14 CONSTANTS AND RELATED INFORMATION FOR
ASTRODYNAMIC CALCULATIONS, 1968
Melbourne, W. G., Mulholland, J. D.

Sjogren, W. L., Sturms, F. M., Jr.
Technical Report 32-1306, July 15, 1968
(Unclassified)

For abstract, see Melbourne, W. G,

M15 JPL LUNAR EPHEMERIS NUMBER 6
Mulholland, J. D.
Technical Memorandum 33-408, October 15, 1968
(Unclassified)

A revised lunar ephemeris has been constructed by applying
a further correction to JPL Lunar Ephemeris 4. This correction
completes the process of introducing all of the accessible theo-
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retical corrections to the Brown lunar theory. It consists of the
application of series terms, based on work by G. W. Hill, to
adjust the coordinates to be compatible with the modern value
of the earth’s dynamical form factor J,. The correction expres-
sions are given and their application discussed. The accuracy
of Lunar Ephemeris 6 is estimated, based on experience with
Lunar Ephemeris 4 and on subsequent ephemeris improve-
ment efforts.

Muller, P. M.

M16 CONSISTENCY OF LUNAR ORBITER RESIDUALS
WITH TRAJECTORY AND LOCAL GRAVITY EFFECTS
Muller, P. M., Sjogren, W. L.

Technical Report 32-1307, September 1, 1968
(Unclassified)

The fits to earth-based coherent two-way radio doppler data
from the Lunar Orbiters have consistently yielded residuals
three orders of magnitude larger than the 0.1 mm/s normally
observed with spacecraft at lunar distance. An intensive anal-
ysis of this problem has demonstrated a 1:1 correlation be-
tween residuals and position on the lunar track that eliminates
other forces, and ties the residuals to local lunar gravity effects.
The possibility that software was inducing the variations was
eliminated by duplicating the residuals with a polynomial fit
to the raw data. Theresults suggest need for a new or modified
approach to the lunar potential model that would include one
or more of the following characteristics: (1) higher order
spherical harmonics, (2) point mass grid solutions, (3) direct
mapping of residual-accelerations to the lunar surface.

M17 MASCONS: LUNAR MASS CONCENTRATIONS
Muller, P. M., Sjogren, W. L.
Technical Report 32-1339 (Unclassified)
(Reprinted from Science, Vol. 161, No. 3842,
pp. 680-684, August 16, 1968)

Lunar Orbiter tracking data have been processed to supply
a qualitatively consistent gravimetric map of the lunar near-
side. While a simplified model was employed, the results
indicate that there are large mass concentrations under the
lunar ringed maria. These mass concentrations may have
important implications for the various theories regarding
lunar history.

Murphy, A. J.

M18 FIRING SQUIBS BY LOW-VOLTAGE CAPACITOR
DISCHARGE FOR SPACECRAFT APPLICATION
Earnest, J. E., Jr., Murphy, A. J.

Technical Report 32-1230, October 15, 1968
(Unclassified)

For abstract, see Earnest, J. E., Jr.
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Nagler, R. G.

NO1 A LIGHTWEIGHT 6)2-ft AEROSHELL FOR
AN EARLY MARS PROBE MISSION
Nagler, R. G., Boundy, R. A, (Jet Propulsion Laboratory)
Scholl, J. R., Dawson, J. B. (Rohr Corporation)
Technical Report 32-1325, September 15, 1968
(Unclassified)

A lightweight, 6%-ft-diam, sphere-cone, honeycomb-
sandwich structure with an elastomeric ablator is described,
which is almost an order-of-magnitude lighter per unit area
than those in the manned space program, and which allows
atmospheric deceleration at densities equivalent to very high
altitudes on earth. This structure is made primarily from
phenolic fiberglass for ease of fabrication and RF transparency,
but titanium rings are used as stiffeners at the outer edge.
Details of the fabrication are delineated, and the results of
supplementary studies to prove structural reliability and en-
vironmental compatibility are given. This type of structure is
easily fabricated under normal shop practices; and experience
with constructing two of the 6%-ft-diam aeroshells indicates
that lightweight, 20-ft-diam (or larger) aeroshells can be fab-
ricated to reasonably close tolerances.

Nash, D. B.

NO2 PROTON BOMBARDMENT-INDUCED TARGET
TEMPERATURES AND THERMAL ACCOMMODATION
COEFFICIENTS OF ROCK POWDERS:
MEASUREMENTS BY INFRARED PYROMETRY
Nash, D. B.

Technical Memorandum 33-413, February 15, 1969
(Unclassified)

Infrared radiometry is used to measure the surface tem-
perature of rock samples under bombardment by 1-20 keV
protons at beam intensities of about 15-100 pA/cm? Tem-
peratures, measured as a function of bombardment time,
proton power, rock composition, and target surface geometry,
show that powder surfaces heat up rapidly under beams with
powers greater than 0.1 W/cm? (e.g., 4 keV, 25 pA/cm?);
loosely packed or fine-grained powders heat up more rapidly
and attain higher equilibrium temperatures than tightly
packed or coarse-grained powders. Comparative subsurface
temperatures obtained with a buried thermocouple show
thermocouples to be poor indicators of beam-induced sur-
face temperatures of powders; this results from the low
thermal conductivity of powders in vacuum and the conse-
quent steep temperature gradient between the surface and
the buried thermocouple. Values for the thermal accommoda-
tion (energy transfer) coefficients for 2-16 keV protons inci-
dent on basalt powder are calculated from the temperature
data and found to range from 0.3 to 0.99, increasing in value
with increasing proton energy and target surface temperature,
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Nelson, W.

NO3 THE 10-FT SPACE SIMULATOR AT THE
JET PROPUILSION LABORATORY
Alexander, W., Dyckman, L., Harrell, J., Nelson, W.,
Schaefle, W.
Technical Report 32-1231, Revision 1, January 15, 1969
(Unclassified)

For abstract, see Alexander, W.

Newburn, R. L., Jr.

NO4 A BRIEF SURVEY OF THE MAJOR PLANETS: JUPITER,
SATURN, URANUS, AND NEPTUNE
Newburn, R. L., Jr.
Technical Memorandum 33-424, April 1, 1969
(Unclassified)

A survey is presented of current knowledge about Jupiter,
Saturn, Uranus, and Neptune, and their satellites. The best
available numerical values are given for physical parameters,
including orbital and body properties, atmospheric compo-
sition and structure, and photometric parameters. The more
acceptable current theories of these bodies are outlined with
thorough referencing offering access to the details. This
survey attempts to be complete through November 1, 1968.

O’Handley, D. A.

001 CARD FORMAT FOR OPTICAL AND RADAR
PLANETARY DATA
O'Handley, D. A.
Technical Report 32-1296, May 1, 1968
(Unclassified)

The Ephemeris Working Group is an organization of users
and producers of optical and radar observations of the moon
and planets. Group meetings have provided a useful oppor-
tunity for the exchange of ideas on such problems as the
analysis and interpretation of observations, the discussion
of methods, and the presentation of results. One of the results
of the discussions of the Ephemeris Working Group was the
desirability of a common format for all observational data in
machine-readable form. This report delineates the card for-
mats to be used in the exchange of data.

Oliver, R. E.

002 A PARAMETRIC STUDY OF VARIATIONS IN WEIGHT
AND PERFORMANCE CHARACTERISTICS OF
LARGE-AREA SOLAR ARRAYS
Oliver, R. E., Garba, J. A,, Hix, J. H.

Technical Report 32-1337, March 1, 1969
(Unclassified)

A parametric study was made to establish relationships be-
tween performance characteristics (power-to-weight ratio,
structural resonant frequencies, deflections due to inertia
loads, and structural-member stresses) and changes in design
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parameters for a large area solar array (LASA) design con-
cept. Variations in design parameters considered in this study
include overall geometric scaling of subpanel planform, aspect
ratio scaling of subpanel planform, scaling of applied inertial
loading, changes in structural material properties, and changes
in nonstructural weight.

A computer program was developed to provide results of
the parametric study in both tabular and graphical form. The
graphical results are presented in a catalogue of plots which
can be used to provide “quick look” evaluations of the charac-
teristics to be expected for any new array design which in-
corporates the basic features of the existing LASA design
concept. These plots also illustrate the possible disadvantages
(or advantages) associated with alternative (other than beryl-
lium) structural materials.

The parametric study results are not intended as a sub-
stitute for a complete and detailed structural analysis which
still must be performed for any array to be used in a space-
flight mission. These results can be used, however, as a guide
during the preliminary design phase to establish the first esti-
mate of a suitable design to satisfy specified mission require-
ments.

O'Neil, W. J.

Q03 THE SURVEYOR iil AND SURVEYOR IV FLIGHT PATHS
AND THEIR DETERMINATION FROM TRACKING DATA
O'Neil, W. J., Labrum, R. G., Wong, S. K.,

Reynolds, G. W.
Technical Report 32-1292, August 15, 1968
(Unclassified)

This report presents the current best estimate of the
Surveyor 111 and the Surveyor IV spacecraft flight paths and
describes the way in which they were determined. The
effects of inflight and postflight analyses on the tracking data’
are presented along with the determination of certain physical
constants and station locations.

Orlik, F. W.

004 TESTING OF THE SURVEYOR SPACECRAFT AT THE
JPL ENVIRONMENTAL TEST LABORATORY
Orlik, F. W.
Technical Report 32-1323, June 1, 1969
(Unclassified)

Most of the Surveyor spacecraft testing was done at the
JPL Environmental Test Laboratory (ETL), but facilities at
Edwards Air Force Base, California, and Cape Kennedy,
Florida, were also used. This report describes the ETL
facilities used in the program and the test innovations
designed to meet the temperature extremes required in
Surveyor environmental testing.
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Otoshi, T. Y.

O05 THE EFFECT OF MISMATCHED COMPONENTS ON
MICROWAVE NOISE-TEMPERATURE CALIBRATIONS
Otoshi, T. Y.

Technical Report 32-1345 (Unclassified)

(Reprinted from IEEE Transactions on Microwave Theory
and Techniques, Vol. MTT-16, No. 9, pp. 675-686,
September 1968)

A technique is presented for analyzing the effect of mis-
matched components on the absolute noise-temperature cali-
brations of principal noise sources in a microwave receiving
system. Scattering parameters are used to describe the prop-
erties of the microwave network that is connected between
noise source and receiver. The calibration method discussed
is the Y-factor power-ratio measurement technique involving
the use of two thermal noise reference standards.

Calculations made for an operational low-noise antenna
receiving system indicate that, even when components have
reasonably low-voltage reflection coefficients (typically less
than 0.05), peak errors due to mismatches could be as high
as 70 and 11% on measured antenna and effective input
noise-temperature values, respectively. For the special case
where the reflected and direct wave receiver noise sources
are fully correlated, the peak errors can be even larger.

Overbey, J. L.

006 COMPUTER-AIDED ANALYSIS OF A PEAK DETECTOR
AND ANALOG-TO-PULSE-WIDTH CONVERTER
Overbey, J. L., Locke, J. R.

Technical Memorandum 33-401, March 15, 1969
(Unclassified)

The analysis presented in this report examines a
regenerative-type electronic circuit with the use of computer-
aided techniques. Novel use of a nonlinear dc circuit analysis
program is its application to the problem of studying the
triggering point of a Schmitt trigger circuit and its stability
as a function of parameter variation. A transient analysis
program is used to study the manner in which the triggering
point is arrived at for different input waveforms, and the
results of both programs are combined to analyze the cir-
cuit’s overall behavior.

Pace, G,

P01 MARINER VENUS 67 GUIDANCE AND
CONTROL SYSTEM
Pace, G.
Technical Report 32-1258, July 1, 1968
(Unclassified)

This report describes the functions of the power, attitude
control and central computer and sequencer subsystems,
which comprise the Mariner Venus 67 guidance and control
system.
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Parker, G. L.

P02 LAUNCH DYNAMIC ENVIRONMENT
OF THE SURVEYOR SPACECRAFT
Parker, G. L.
Technical Report 32-1289, September 15, 1968
(Unclassified)

The dynamic environment of the Surveyor dynamic models
and operational spacecraft during the boost phase of flight is
defined. The data acquisition systems and analysis techniques
are discussed. Summary flight data from each of nine space-
craft launches for all measured periods of high acoustic energy
and random vibration are included. Also included are the
transient responses to various pyrotechnic, staging, and jettison
events of the boost phase.

Passamaneck, R.

P03 AERODYNAMIC CHARACTERISTICS OF SPHERICALLY
BLUNTED 45-DEG HALF-ANGLE CONES
Passamaneck, R.

Technical Report 32-1327, September 1, 1968
(Unclassified)

Pressure, force, and dynamic stability tests were conducted
to compare theoretically calculated coefficients and pressure
distribution to data obtained by experiment. The Newtonian
theory has also been included for completeness. Comparisons
are made for an ideal gas and a real gas in equilibrium. The
dynamic stability test for the real gas was omitted because of
tunnel limitations. Pressure distribution was also measured
for a real gas in nonequilibrium. The models used were 45-deg
cones of bluntness ratios of 0, 0.25, 0.50, 0.75, and 1.00.

Pawlik, E. V.

P04 SCALING OF A HIGH-PERFORMANCE ION THRUSTER
Pawlik, E. V.
Technical Memorandum 33-387, July 15, 1968
(Unclassified)

A 20-cm-diam electron-bombardment ion thruster was
constructed by scaling a smaller high-performance flight-type
unit. The scaling was not exact in that differences existed in
the mercury propellant distribution, anode geometry, cathode
type, and cathode location. An additional magnetic field also
existed due to the spiral configuration of the cathode used.
Ton chamber losses equivalent to those presented for the
flight-type thruster were obtained.

PO5 POWER MATCHING OF AN ION THRUSTER
TO SOLAR CELL POWER OUTPUT
Pawlik, E. V.

Technical Memorandum 33-392, July 15, 1968
(Unclassified)

A 20-cm-diam thruster was operated over a 2:1 range of
output power, allowing for continuous matching of thruster
power to a varying solar cell output level. The technigue of
matching power by varying either the ion beam current or
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the net accelerating voltage is described. Ion beam current
control, implemented in thruster control loops, utilized
existing laboratory hardware, Stable thruster operation was
achieved over a range of 1000 to 2000 W. Bistable values
of mercury propellant flow at the same discharge chamber
and ion beam conditions were also observed.

Perlman, M.

P06 SPACE APPLICATIONS OF A MINIMIZATION
ALGORITHM
Roth, J. P. (International Business Machines Corporation)
Perlman, M. (Jet Propulsion Laboratory)
Technical Report 32-1385, April 15, 1969
(Unclassified)

For abstract, see Roth, J. P.

Piaggi, E. G.

PO7 THE RANGER IX FLIGHT PATH AND iTS
DETERMINATION FROM TRACKING DATA
Vegos, C. J., Borncamp, F., Liu, A. S.

Piaggi, E. G., Trask, D. W., Wallace, R. A.
Technical Report 32-767, November 1, 1968
(Unclassified)

For abstract, see Vegos, C. J.

Prelewicz, D. A.

PO8 MARINER IV AND V DISTURBANCE TORQUES
AND LIMIT CYCLES
Prelewicz, D. A.
Technical Report 32-1305, October 1, 1968
(Unclassified)

The disturbance torques acting upon the Mariner IV and
Mariner V spacecraft during cruise mode operation are de-
scribed. The history of the spacecraft rotational motion was
obtained by processing sun sensor and Canopus sensor telem-
etry data, which were used in conjunction with the spacecraft
dynamics to obtain qualitative and quantitative disturbance
torque characteristics. Interval analysis was used to account
for quantization error introduced by the telemetry system.
This procedure, together with the assumption of parabolic
limit cycles, established definite upper and lower bounds on
the disturbance torques at any time.

Data for both Mariner IV (Mars 1964) and Mariner V
{Venus 1967) indicate that low disturbance torques are pres-
ent for both spacecraft. Mariner IV has a comparatively large
(between 10 and 30 dyn-cm), slowly varying bias torque
(apparently a solar torque) as well as a smaller component
which changes by as much as 3-5 dyn-cm when a control
valve fires. A small restoring torque {~% dyn-cm/mrad) in
pitch and yaw indicates that the spacecraft is stable about the
sun line.
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Mariner V is symmetrical about the sun line and hence does
not have a large bias solar torque. Since there are no solar
vanes, the solar restoring torque is also considerably smaller.
However, the disturbance torque, which varies randomly with
valve firing (by as much as 2-3 dyn-cm), is present.

P09 MARINER IV AND V DISTURBANCE TORQUES
AND LIMIT CYCLES (ADDENDUM)
Prelewicz, D. A.
Technical Report 32-1305, December 15, 1968
(Unclassified)

The procedure used to compute the disturbance torques
affecting the Mariner IV and Mariner V spacecraft during
selected periods of flight was explained in JPL Technical
Report 32-1305, Mariner IV and V Disturbance Torques and
Limit Cycles, Oct. 1, 1968. In this Addendum, more extensive
examples are given of computer printouts that provide quanti-
tative information on torque limits and limit cycles for the
spacecraft. This information 1is presented in four selected
plots of reduced position data and torque limits vs time for:

(1) Mariner 1V, 33% bits/s, days 361-362, 1964,

(2) Mariner IV, 33% bits/s, day 366, 1964.

(3) Mariner 1V, 8% bits/s, days 102—105, 1965,

(4) Mariner V, 33% bits/s, days 171-173, 1967.

Prislin, R. H.

P10 ENTRY DYNAMICS OF A SPINNING VEHICLE
Prislin, R. H., Jaffe, P.
Technical Memorandum 33-398, August 15, 1968
(Unclassified)

A closed-form solution for the angular motion of a spinning
atmospheric entry vehicle has been developed. The influence
and interaction of the density gradient, the spin, the initial
angles and angular rates at entry, and the aerodynamics of the
vehicle are demonstrated by the solution. The effect of adding
spin is to attenuate the influence of the dynamic pressure
gradient and to amplify the importance of dynamic stability
near, and after, peak deceleration. An important conclusion is
that a spinning entry body with zero or small transverse
angular velocity will exhibit damped circular motion. In addi-
tion, when the motion is nearly circular, the small angle-of-
attack restriction implicit in the development of the equation
is relaxed, and the region of applicability to high angles of
attack is extended. Several examples are presented and com-
parisons are made with 6-deg-of-freedom calculations of the
amplitude history; in all cases, the agreement is better than 5%.

Quade, J.

Q01 AIRBORNE MULTIFREQUENCY MICROWAVE
RADIOMETRIC SENSING OF AN
EXPOSED VOLCANIC PROVINCE
Blinn, J. C., I (Jet Propulsion Laboratory)
Chapman, P., Quade, J. (University of Nevada)
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Technical Memorandum 33-405, October 15, 1968
(Unclassified)

For abstract, see Blinn, J. C., II1

Redmann, G. H.

ROT QUALITY ASSURANCE MONITORING OF THE
MICROBIOLOGICAL ASPECTS OF THE STERILIZATION
ASSEMBLY DEVELOPMENT LABORATORY
Gavin, T. R., Redmann, G. H., Taylor, D. M.

Technical Report 32-1398, May 1, 1969
(Unclassified)

For abstract, see Gavin, T. R.

RO2 STERILIZATION ASSEMBLY DEVELOPMENT LABORATORY
(SADL) FACILITY DESCRIPTION AND CAPABILITIES
Redmann, G. H,

Technical Report 32-1412, June 15, 1969
(Unclassified)

The Sterilization Assembly Development Laboratory de-
scribed in this report is the result of a research and develop-
ment program to evolve the facilities, equipment, and
procedures necessary to meet the biological quarantine
requirements established by NASA. These requirements mini-
mize the hazard of introducing viable earth organisms to
other planets in the solar system via impacting unmanned
spacecraft.

Rennilson, J. J.

RO3 SURVEYOR [t MISSION REPORT
PART 1il. TELEVISION DATA (ADDENDUM)
Rennilson, J. J.
Technical Report 32-1177, July 15, 1968 (Unclassified)

!

The purpose of this report is to present selected color trans-
parencies from the Surveyor III mission, Transparencies were
selected rather than color prints because more accurate color
control was possible with this process. These color transpar-
encies should be compared with the black and white photo-
graphs and descriptions given in Section 3 of NASA Report
SP-146, “Surveyor I1I: A Preliminary Report,” June 1967.

Renzetti, N. A.

RO4 TRACKING AND DATA ACQUISITION REPORT:
MARINER MARS 1964 MISSION
VOLUME liIl. EXTENDED MISSION
Renzetti, N. A.
Technical Memorandum 33-239, December 1, 1968
(Unclassified)

This volume summarizes the activities of the Deep Space
Network (DSN) during the extended (Phase II) Mariner
Mars 1964 mission. The period covered is from the end of the
original mission in October 1965 until the beginning of the
Mariner Venus 67 mission in June 1967. The report delineates
the tracking, telemetry, and command operations of the DSN
and includes-equipment configurations at deep space stations.
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A log summarizing DSN activity during this period in
sequence is provided and includes statistical data relating to
time, operating deep-space-station received signal level, and
significant events, The DSN technical operations support
afforded to the various experiments, investigations, and tests
is described, along with the special equipment used by the
DSN in its operations.

A summary of the Master Data Library support of Phase I
of the Mariner Mars 1964 mission and conclusions and inter-
pretations from the solar occultation experiment are included.
Much of these efforts were accomplished during the time of
Phase II activities and are included for completeness of record.

Reynolds, G. W.

RO5 THE SURVEYOR Il AND SURVEYOR IV FLIGHT PATHS
AND THEIR DETERMINATION FROM TRACKING DATA
O’Neil, W. J., Labrum, R. G., Wong, S. K.,

Reynolds, G. W.
Technical Report 32-1292, August 15, 1968
(Unclassified)

For abstract, see O'Neil, W. J.

RO6 THE SURVEYOR V, VI, AND Vil FLIGHT PATHS
AND THEIR DETERMINATION FROM TRACKING DATA
Labrum, R. G., Wong, S. K., Reynoids, G. W.
Technical Report 32-1302, December 1, 1968
(Unclassified)

For abstract, see Labrum, R. G.

Rhein, R. A.

RO7 PROCESSING SPECTROPHOTOMETRIC MEASUREMENTS
TO COMPUTE CHEMICAL REACTION RATES AND
CORRELATE THEM TO A RATE EQUATION:

A COMPUTER PROGRAM

Rhein, R. A.

Technical Report 32-1384, April 15, 1969
(Unclassified)

Program RTPROG, along with subroutine RATECL and
MREG, was designed for processing spectrophotometric trans-
mittance data for the computation of bimolecular initial re-
action rates, and the correlation of these rates to expressions of
the form of either Rate = K+C2+C?%, or Rate = K+ C% +CYr g5/ RT,

Computer output from data processed by this program
includes the rate expression coeficients K, @, b (and, where
applicable, E), as well as the printout of concentration vs time,
the initial reaction rates, and other data in a format that can
be readily used for future reference.

This program also directs the printing of detailed instructions
to the operator, showing which data are to be fed to the
computer and what format is to be followed.
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Riebling, R. W.

RO8 EXPERIMENTAL EVALUATION OF A THROTTLABLE
IMPINGING-SHEET INJECTOR WITH
EARTH-STORABLE PROPELLANTS
Riebling, R. W.

Technical Report 32-1330, October 15, 1968
(Confidential)

A multiple-element, unlike-impinging-sheet injector was
fired with three earth-storable propellant combinations. Com-
bustion efficiencies were measured during throttling of the
injector by two separate techniques: pressure/area-step and
discrete-element. During firings, in which the mixture ratio
and characteristic chamber length were varied, combustion
efficiencies were also measured. Combustion stability and
smoothness were monitored; a limited number of chamber
and nozzle wall heat-flux measurements were made.

When fired with hydrazine and monomethylhydrazine,
maximum density fuming nitric acid appeared competitive
with N,O, as to combustion efficiency, stability and smooth-
ness.

Injection elements mounted external to the injector face
exhibited rather poor durability, especially during throttling,
when the flow of propellants to them was cut off. Installation
of the elements within the injector face (a “buried” con-
figuration) might be desirable for future applications.

Riise, H. N.

RO9 SOLAR SIMULATOR OPTIMIZATION THROUGH
DEFOCUSING: A RESULT OF COMPUTERIZED OPTICAL
SYSTEM RAY-TRACING STUDY
Riise, H. N. .

Technical Memorandum 33-384, September 15, 1968
(Unclassified)

Collimation and uniformity in the simulated solar beam are
the main objects of interest in this analysis, With the simple
computer program used, the effect of varying certain param-
eters — the height of the mixer, the radius of the mixer, and
the height of the test plane — could be determined easily. It
was found that a theoretical uniformity could be improved
from 5.28 to 5.01%, and collimation could be improved from
1.6 to 1.078 deg by defocusing the optical system. The find-
ings were used to locate the mixer most advantageously during
its installation in the JPL 25-ft space simulator solar system,

Rindfleisch, T.

R10 LUNAR EXPLORATION: THE IMPACT OF RANGER
AND SURVEYOR RESULTS
Stewart, H. J., Hibbs, A. R., Conel, J. E., Rindfleisch, T.
Technical Report 32-1399 (Unclassified)
(Reprinted from Astronautics and Aeronautics, Vol. 7,
No. 1, January 1969)

For abstract, see Stewart, H. J.
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Ritchie, D. W.

R11 SKY EFFECT ON SOLAR CELLS
CALIBRATED AT 80,000 FEET
Ritchie, D. W.
Technical Report 32-1313, October 15, 1968
(Unclassified)

The use of high-altitude balloon flights for the calibration of
standard solar cells has been proven to be a reliable method
of obtaining space-calibrated solar cells for terrestrial and
laboratory measurements. A technique is presented to help
further refine these methods by determining the percentage of
sky radiation incident on solar cells during the balloon cell
calibration. It was found that the contributions of sky radia-
tion to the output of solar cells at 80,000 feet were less than
0.5%.

Rogero, R. S.

R12 AN EXPERIMENTAL DESCRIPTION OF DESTRUCTIVE
LIQUID ROCKET RESONANT COMBUSTION
Claytsén, R. M., Rogero, R. S., Sotter, J. G.

Technical Report 32-1293 (Unclassified)
(Reprinted from AIAA, Vol.6, No. 7, July 1968,
pp. 1252-1259)

For abstract, see Clayton, R. M.

Roth, J. P.
R13 SPACE APPLICATIONS OF A MINIMIZATION
ALGORITHM

Roth, J. P. (International Business Machines Corporation)
Periman, M. (Jet Propulsion Laboratory)

Technical Report 32-1385, April 15, 1969

(Unc